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Experiments on Protein Recovery from the Fluid Discharged
in the Leaching Process of ‘“kamaboko” Processing — 1.

By
Yoshio KOJIMA, Kinjiro YAMADA, Yasumasa OBA, Masayuki KOCHI,
and Shoji TAGAWA

In the processing of “kamaboko”, a traditional fish product in Japan, the raw material
is leached with water for the purpose of enhancement of elasticity, i.e, “ashi” in the
product. A pretty amount of proteins in the raw material is assumed, therefore, to flow
out in the leaching process.

In this connection, the following experiments were conducted in order to utilize the
proteins as a feed. The experiments included the analysis of proximate composition of
different specimens obtained in the course of the processing, and the examination on a
method recovering proteins from the fluid discharged in the leaching process. The results
obtained are as follows:

1) Based on the analysis of both minced and leached fish, it was found that the contents
of non-protein nitrogen and ash remarkably decreased in the progress of leaching.

~ 2) The content of proteins in the fluid discharged from fish gradually decreased with
repeated leaching, but some amounts of it remained even in the fluid discharged fourthly.

3) In the experiment on protein recovery, pH of the fluid discharged in the leaching
process was adjusted to either 2.0 or 12.0, followed by readjustment of the value to those
denoted in Figs. 1 and 2. In this case, pH range of the maximum protein precipitation
differed with kinds of the raw material. ’

4) Some of proteinous precipitates from the fluid discharged in the leaching process
contained such a considerable amount of oil that the content might come to be a trouble

in the application of the precipitates to a feed.
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Table 1. Data concerning the leaching of fish in ““kamaboko” plants at which the samples were

collected.
. Weight of fish
Plant* Raw material and sample No, ** g?:gilii* VgiZLghlfsgfl b:‘t)iesageerdattad
(kg) (kg)
A in Shimonoseki | Drum (No.1) 3 24.0 16.3
% Mixture of tilefish and brotula (No.2) 3 28,2 15.2
v Mixture of tonguefishes (No.3) 3 22.9 18. 0
” Searobin (No.4) 3 22.3 15.6
” Lizardfish (No.5) 2 61.0 46.5
7 Drum (No.6) 2 26.3 18.7
B in Ube Lizardfish (No.7) 1.5 20.0 14.9
C in Senzaki Tilefish (No.8) 2 _t 75.1
D in Gotsu Mainly searobin (No.9) 3 _t 41.1
Weight of fish Weight of fish Method of Numbeg“ of Amount of water
minced leached after leachin leaching consqmed in
(kg) press (kg) g repeated leaching (1)
15.1 15.0 Discontinuous system 4 72
13.0 12.5 ” 4 72
15.8 12.6 ” 6 108
i2.3 10.8 ” 5 90
34.6 31.7 7 7 126
13.4 12.4 ” Not acquainted 136
11.3 10.8 ” 4 720
61.5 37.5 ” 2 3,600
3.1 20.7 ” 3 380

*A, B, C and D indicate the incognito name of the plants.

**Drum (No. 1), “kinguchi” (Pseudosciaena manchurica); mixture of tilefish and brotula (No. 2),
“amadai” (Branchiostegus sp.) and “yoroi-itachi-uo” (Hoplobrotula armata); mixture of tongue-
fishes {No. 3), “aka-shitabirame” (Cynoglossus joyneri) and “inunoshita” (Cynoglossus robustus);
searobin (No. 4), “kanagashira” (Lepidotrigla microptera); lizardfish (No. 5), “wani-eso” (Saurida
tumbil); drum (No. 6), “koichi” (Nibea albiflora); lizardfish (No. 7), “eso” (Saurida sp.);
tilefish (No. 8), “amadai” (Branchiostegus sp.); searobin (No. 9), “kanagashira” (Lepidotrigla
microptera). :

***Grade 1, excellent; grade 2, good; grade 3, fair; grade 4, incipient spoilage; grade 5, fully spoiled.
T'The fish beheaded and eviscerated was conveyed into the plant as raw material.

2 - 3 B SEoKS, HISE, £8%, ¥V BEE RSBFLUVER/IA VR EEL, pH &
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MELES) 12 Lo TR EERL 720
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Table 2. Processing yield of different raw materials used in “kamaboko” plants.

Yield to whole fish

Raw material and sample No. * Fish Fish Fish
beheaded and eviscerated|minced | leached after press

Drum (No.1) 67.8% 62.9% 62.5%
Mixture of tilefish and brotula (Ne.2) 53.9 46.1 46.1
Mixture of tonguefishes (No.3) 78.6 69.0 56. 8
Searobin (No.4) 70.0 55.2 50.7
Lizardfish (No.5) 76.2 56.7 52.0
Drum (No.6) 710 51.0 49,0
Lizardfish (No.7) 74.5 56.3 54.2

Tilefish (No.8) - - -
Mainly searobin (No.9) - - _
Average 70.3 56.9 53.0

*Legend as Table 1.

CHSOERAOELESLVBELE DWW T RBES 2 EE L HRIBIROLENITH S, NP
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EOBEHELRDT VS, LALARYS, KBELICE- THRET IR ERBEERILEMEP VI TE L,
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Table 3. Proximate composition of minced and leached fish by kinds of raw material.
Raw material and sample No. *
" Drum Mixture of tilefish|Mixture of tongue- Searobin
Composition (No.1) and brotula (No.?2) fishes (No.3) (No.4)
minced | leached®* | minced leached** | minced leached® | minced leached **
Moisture (%) 79.14 | 86.12 | 81.91 | 87.51 | 79.32 | 85.48 | 78.84 | 85.96
Protein (%) 13.69 | 10.31 13.22 10. 46 14,23 11.34 14.01 10.71
Fat (%) 3.45 2.10 - - - - - -
Ash (%) 1.06 0.31 - — - - - -
Total N (%) 2.48 1.72 2.48 1.75 2.53 1.89 2.57 1.79
Protein N (%) 2.19| 165| 2.12 1.67 2.28 1.82 2.24 1.71
Non-protein N (%) 0.29 0.07 0.36 0.08 0.25 0.07 0.33 0.08
pH 6.9 7.4 - - - - - -
Raw material and sample No, *

Lizardfish Tilefish Lizardfish Tilefish Mainly searobin
(No.5) (No.6) (No.7) (No.8) (yNo.9
minced | leached** |minced | leached® | minced | leached®® | minced | leached** | minced | leached**
76.30 82.94 79.66 87.21 79.10 85.85 81.05 85.20 81.65 86. 10
16.90 14.31 15.43 11.13 15. 38 11.75 13.81 12.69 12.75 10.31
3.10 2.03 - - 1.10 0.98 1.07 0.28 1.61 0.56
1.24 0.21 - - 1.28 0.23 0.9 0.42 1.07 1.57
3.09 2.33 2.79 1.80 2.77 1.98 2.51 2.04 2.32 1.76
2.70 2.29 2.47 1.78 2.46 1.88 2.21 2.03 2.04 1.65
0.39 0. 04 0.32 0.02 0.31 0.10 0.30 0.01 0.28 0.11
6.4 7.0 - - 6.6 7.0 7.2 7.0 7.3 7.5

*Legend as Table 1.

**After press.

Table 4. Amount of total, protein and non-protein nitrogens lost by leaching,

Raw material and sample No. * Quality T;;I?rfshle— Decreas? ) i
. p . arade * (mg ) Total N Protein | Non-protein

Drum (No.1) 3 313 31.0 25.1 75.1
Mixture of tilefish and brotula (No.2) 3 29.7 29.1 20,7 79.1
Mixture of tonguefishes (No.3) 3 13.5 38.5 34.2 75.3
Searobin (No.4) 3 18.8 36.1 30.1 78.6
Lizardfish (Ne.5) 2 1.9 30.8 22.3 90.3
Drum (No.6) 2 0.8 38.0 30.6 92.2
Lizardfish (No.7) L5 1.6 31.2 26.5 69. 1
Tilefish (No.8) 2 7.5 50.4 44.2 97.9
Mainly searobin (No.9) 3 35.0 49.4 46.1 73.8

Average 37.2 311 81.3

*Legend as Tabl

el,
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Table 5. Proximate composition of the fluid discharged from drum (No. 1) in leaching process.

Fluid
Composition discharged discharged discharged discharged

firstly secondly thirdly fourthly
Moisture (%) 99. 86 99. 86 99.91 99.93
Residue (%) 0.14 0.14 0.09 0.07
Protein (%) 0. 100 0. 107 0. 075 0.051
Fat (%) 0. 032 0.015 0.010 0. 007
Ash (%) 0.035 0.029 0.017 0. 006
Total N (%) 0.016 0.019 0.012 0. 008
Protein N (%) 0.016 0.017 0.012 0. 008
Non-protein N (%) 0. 0003 0. 0022 0. 0002 0. 0001
Chlorine (mg%) 8.07 7.74 5.05 4.15
pH 7.1 7.3 7.3 7.2
Specific gravity 1. 0005 1. 0005 1. 0003 1.0003

Table 6. Proximate composition of the fluid discharged from the mixture of tilefish and brotula
(No. 2} in leaching process.

Fluid
Composition discharged discharged discharged discharged

firstly secondly thirdly fourthly
Moisture (%) 99.76 99. 82 99.91 99, 93
Residue (%) 0. 24 0.18 0.09 0.07
Protein (%) 0.192 0. 140 0. 059 0.041
Fat (%) 0. 007 0. 004 0. 002 0. 001
Ash (%) 0. 033 0. 032 0. 029 0.012
Total N (%) 0. 032 0.025 0.011 0. 009
Protein N (%) 0.031 0. 022 0. 009 0. 007
Nen-protein N (%) 0. 0008 0. 0031 0. 0015 0. 0019
Chlorine (mg%) 11.05 9.05 5.06 3.17

pH 7.1 7.2 7.1 7.1

Specific gravity 1. 0013 1. 0008 1. 0001 1. 0000

ThEDEN S, AMLUEEEERS I &k LREOLE N —RIET L, ¥ 25E s X U5
DBREFOL, 2T b o TASEBIEAT 3280 P b,
51 EBEROBERE AN SO 2B AT Y, FABEUSFIAONTORRLEET 2L, BLAE
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Table 7. Proximate composition of the fluid discharged from lizardfish (No. 5) in leaching

process.
Fluid
Composition discharged discharged discharged discharged
firstly secondly thirdly fourthly
Moisture (%) 99. 52 99. 59 99. 66 99. 80
Residue (%) 0.48 0.41 0.34 0.20
Protein (%) 0. 184 0. 202 0. 105 0.062
Fat (%) 0. 048 0.028 0.017 0.001
Ash (%) 0.102 0.091 0. 055 0. 047
Total N. (%) 0. 050 0. 054 0. 027 0.015
Protein N (%) 0.030 0. 032 0.017 0.010
Non-protein N (%) 0. 0204 0.0214 0.0106 0. 0047
Chlorine (mg%) 18. 07 13. 18 8.44 5.50
pH 7.0 6.8 6.9 6.9

Specific gravity 1. 0020 1. 0020 1. 0008 1. 0004

Table 8. Proximate composition of the fluid discharged from rockfish* in leaching process.

Fluid
Composition discharged discharged discharged discharged
firstly secondly thirdly fourthly
Moisture (%) 99. 74 99. 81 99. 90 99. 94
Residue (%) 0.26 0.19 0.10 0. 06
Protein (%) 0. 108 0. 096 0. 055 0. 032
Fat (%) 0.008 0. 002 0. 002 0. 002
Ash (%) 0.040 0.025 0.014 0, 008
Total N (%) 0. 033 0. 024 0.014 0. 008
Protein N (%) 0.017 0.015 0. 009 0. 005
Non-protein N (%) 0. 0153 0. 0091 0. 0054 0. 0024
Chlorine (mg%) 9.58 5.18 2.24 0.28
pH 7.2 7.2 7.1 7.0

Specific gravity 1.0015 1. 0007 1. 0004 1. 0004

* “Aka-kasago” (Setarches Longimanus),

WEBABELUARIZ RIELDENZ WO IZrH b 5T, FRBOBER IS, VEY, JOBRIRED
TBEIZE AP, EARAKBLFEDEZIZLIDOPHAS D TEZ VY,
AEEL % 3 [EF 7213 4 BRSET 2 21280, BHERIART 5 V808, 2 OMO—RRSOBS D %
DHEDT B, LEdABREOBIALT 5, COBRIAERSTRNBELBNZT by 5T OKELIZD

WTRAN R E—BT 5,
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Table 9. Proximate composition of the fluid discharged from the mixture of tonguefishes* in
leaching process,

Fluid
Composition discharged discharged discharged discharged

firstly secondly thirdly fourthly
Moisture (%) 99. 89 99. 80 99. 82 99. 86
Residue (%) 0.11 0.20 0.18 0.14
Protein (%) 0. 067 0.098 0. 096 0. 064
Fat (%) 0. 063 0. 069 0.019 0.010
Ash (%) 0. 020 0.029 0. 026 0. 022
Total N (%) 0.018 0. 027 0. 022 0.018
Protein N (%) 0.011 0.016 0.015 0.010
Non-protein N (%) 0.0072 0.0112 0. 0065 0. 0082
Chlorine (mg%) 9.10 11.54 8.28 6.81
pH 7.0 7.1 7.0 7.0
Specific gravity 1. 0011 1. 0009 1.0011 1. 0008

*% A ka-shitabirame” (Cynoglossus joyneri) and “kuro-ushinoshita” (Paraplagusia japonica).

Table 10. Effect of pH arrangement on the protein precipitation from the fluid discharged in
leaching process.

Adjusted * Protein ** Adjusted * Protein **
pH (mg) pH (mg)
0.5 155, 9 8.5 52.4
1.0 149.6 9.0 55.3
15 144.6 9.5 59.4
2.0 1356.1 10.0 67.2
2.5 113.6 10.5 72.1
3.0 110.7 11,0 34.4
3.5 84.9 11.5 108. 0
4.0 69.1 12.0 127, 1
4.5 57.0 12.5 139.7
50 46. 3 13.0 106.7
7.5 48. 4 13.5 57.3
8.0 50.5

*The pH of the fluid discharged from lizardfish “wani-eso” in leaching process was set to the
values denoted in the column, followed by readjustment of those to 5.7 for the .purpose of
getting proteinous precipitates.

**Amount of proteins precipitated from 100 ml of the fluid discharged.
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pH 5.7 Tk U -7 % B05EH: No. 52 TAL, 2028RELII 707V — VEETRE
UZeo BENZMEI6 54RETY VNV ERBRERE L, BN 2HRIEIORDLEY TH S,

E1I0BIRT &5 12,

FPEUEMIC pH AL, KIZT A U RMATpH & 5. TI2LRE IS, B

RRMUTHEEL 2 B0 pH AMEVIEY 4 v S BIBEIKTH o7e LA L, SHIOFEpH 4 3.0

DI EDEAIZIE, pH5.7C EDOMAL VR FAFERL, ¥ v/ BEOBRENFTRTH 7

— 138 —

—77, 1ELC®H



KERYHERTHB ST AAKBLUEEL S 7 VX7 BEOEIZET 258 —1. 273

FOUAVENCpH BIHEE L, KICEEIZ TpH 5.7& L728&1013, X U0 ICFEL /2 pH E412.0~12.5
FHET, BBy S EIBERR Lz, LAL, pH 213,001 k1072 3 & BB FEEIED Lz, 2h
EBRWT A VED DIz s v EAEEL, SEEAMEICpH 25250 TH, HIIREELIIICE
27=DTH BT £72, IZUDICpH %7 5~9. 5IZFEL 2551018, RICEBEIMA CpH % 5. 7ICHEL
Fmb EOUEBREAD L, T0 ) ZRT AL CBENTRTH 5 72,

PlEo#ERIcHE T, 2V 7F (BE1%, No. 1) OKRFEUER (LR 16mg/100m!, pH 7.0) & &
U7 =xry (H1%, No.5) OKWELEE(EEF66meg/100ml, pH 6.6) KEEZZE7 VA VEMAT
pH 2355209 20530 TIL0ICEABLA=0L, ZHhIZTNA Y E B2 ML THED pH IS,
BB OBELERD R, BohABRIEIMELIUE2MOEENTH B, 2k, WL U TKRE
UBSHRICEE E -3 7 v ) R 002 CEBEREDpH ICHEBLBE0 5 v 3 BUBEERD /-,

E 40 - 200

5 / £

g% 30} i’ g‘ 5 Bt

iz B2

22 i I

2 E ot ; 2 E 10}

eg” 3 B

5 3 4 e

e 10F o 2 50

g o et g

I £
0 L I 1 i) L] 1 I3 G A i) i L L 1

2 4 8 8 10 12 2 4 6 8 10 12
pH pH

Fig. 1. Quantitative changes of proteins from Fig. 2. Quantitative changes of proteins from
discharged fluid of drum (No. 1) by the discharged fluid of lizardfish (No, 5)
different methods of pH arrangement. by different methods of pH arrangement.
—@—, treated to bring the original pH of Explanation of the marks, —@— ,--O-
the fluid to 2.0, followed by readjustment and —@—, is the same as in Fig. 1.

of the value to those denoted in abscissa;
~(O--, treated to bring the original pH of
the fluid to 12.0, followed by readjust-

ment of the value to those denoted in
abscissa; —(D-—, treated to bring pH of the
fluid to those dencted in abscissa without
prearrangement of the original pH.
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Table 11. Vield of proteinous precipitate from the fluid discharged in leaching process.

Yield from the fluid
Raw material discharged discharged discharged
firstly secondly thirdly
Drum (No.1) 0.48% 0.53% 0.17%
(0. 064) (0.064) (0. 068)
Lizardfish (No.5) 1.79 1.91 1.22
(0.193) (0.209) (0. 138)

Figures in parenthesis are based on dry matter.

Table 12. Proximate composition of the proteinous precipitate obtained from drum (No. 1).

Precipitate from the fluid
Composition discharged discharged discharged

firstly secondly thirdly
Moisture (%) 86. 75 87.95 60. 21
Residue (%) 13.25 12.05 39. 79
Protein (%) 8.82 8.40 30.61
Fat (%) 4,51 2.49 9.51
Ash (%) 0.27 0.21 0. 84
Total N (%) 1. 60 1.38 5.10
Protein N (%) 1.41 1.34 4.90
Non-protein N (%) 0.19 0.04 0.20
pH 6.0 6.2 6.4

Table 13. Proximate composition of the proteinous precipitate obtained from lizardfish (No. 5).

Precipitate from the fluid
Composition discharged discharged discharged

firstly secondly thirdly
Moisture (%) 89.19 89.06 88. 70
Residue (%) 10. 81 10. 94 11. 30
Protein (%) 8. 48 8.82 9.49
Fat (%) 0.13 0.11 0.16
Ash (%) 0.29 0.22 - 0.23
Total N (%) 1.54 1.61 1.69
Protein N (%) 1.36 141 1.52
Non-protein N (%) 0.18 0.20 0.17

pH 6.2 6.1 6.1
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Y VS IBEOYRENRAL S pH HEICERE LA, 2O pH XF ¥ /5T 5.9, 721 VT 7.5k
Utro thBEL 2 “EINY v %07 % HPEE#No. 2 2T UBL, ZO—BEyEHN, B5N/&ER
EEI~13BEDNE BN TH 5,

BLUELSLLPBEEEY, “BENY /37 ORIE2EBHERTCHELREY, LIAL, 202D
BEIZLEBNICATRESLE I » iHHB#’C\&w EnwIDE, B5~9FIFEHEIL LI, FU
FFBEPTZIVOME VRV EDERBIE 2ABERTRLRE VY, 7wy fiaof A yF U4 DR
A, THHHITI i%ltafﬁbir‘ﬁzkfuﬁémbf:;b‘bfééo
=, e LTONEE, ¥ ST TSI~ 3ERETIELALEN L, TSIy THE 3 BER

TR 72,

HI2EELUEIZELLAHT, ¥V I/FO By 827 irh ) OMIE 2 EE L, ZOENKIEL
OEBAERTHLSELEFLZVIE P bhh 5 (BRYHE T 1 EEEE 34.0%, 5 3 IR 23.9%) o
—F, Ty “HY v507 OMISHEBIEF VI FOFRICHEANTEL (EY (EAYHRET 10~
14% )e T HIIKWE URROMIEIF &R L HAEBOBERERL T 5, ZORKIIML 2 TL R,

TV, FABEUSFIAD EULS V807 BE kY ST LSS D 2ROMIELYEET 39,
ZOEIBEIE “EURS v8" IBEEREED THENOMH 25 ETHBEE 25, 2V IDIE, &
HOBLISE PEMORERAET 25 5 Th 220,

Kz, KEUEES H 52 UOBTpH20 12L20b, pH 6.5, 755 L0 9. 0lCFEHEL 72508 (8
14%, BBA~C) &, TUWAYTpH 12012 L7205 pH % 6,512 L 288 (B14E, BED) 1220 T,

Table 14. Proximate composition of the proteinous precipitate obtained from different methods
of pH arrangement,

Specimen
Composition
A B C D
Yield (%) 0.81 0.99 0.84 0.88
Moisture (%) 84. 87 88. 56 88. 81 87.91
Residue (%) 15. 13 11. 44 11.19 12.09
Protein (%) 12.22 9.55 9,09 8.94
Fat (%) 0.09 0. 11 0.05 0.22
Ash (%) 0.31 0.20 0.24 0.29
Total N (%) 2.36 1.63 1.64 1.72
Protein N (%) 1.96 1.53 1.45 1.43
Non-protein N (%) 0. 40 0.10 0.19 0.29
pH ’ 6.1 7.3 7.9 6.8

Specimens A, B and C were the precipitates from the discharged fluid of which pH was brought
to 2.0, followed by readjustment of the value to 6.5, 7.5 and 7.0 respectively.

Specimen D was the precipitate from the discharged fluid of which pH was brought to 12.0,
followed by readjustment of the value to 6.5.

All of the specimens came from lizardfish, and the fluid used was the one discharged secondly.

“EML S ¥ 87" D—RE S RN, (AL AL BERIE T LY OB 2 EERTH - 2. 86 NER
IFEUEDE B VT H B,

ZOEIE, TZIVO “ENS V877 ZWTROFETREBS 2 TYH, ZOMGHRICEE 221350
oY, TAHEFEEIBLI BV LM bL b,
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4. #8 &

ROBIROKEL TR THRET 25 v NV BEOBAFRBOEE» SMET 2 Rk0E12% 5, T4b
b, FHOLVEEEEE 2005 b &L, 22 RICHETEELEOTYHHEY 57%, B3ELr6ELE
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TRy w787 EB=2007 F ¥ X 0. 57x0. 023X 0. 31X 6, 25
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ZOKEL TRTCHET S5 > /87 BIE, ABLIREERS 2 CARIHOT 350 TIE A v, 20
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I LB\ CEEE S T VA ) R AA T pH % 2.05 5WIX12.012L =M%, pH % HEMHE I HHEE
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i, »ZVEBOMEEH2ECLOFH S, ZOENS V2" OBIBEEED £/ URHICE N
MBI ZPIc L 38 DTIR LV, 222, EEEFITETEL, BEREFIURRELOLER L
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2. KEEUEHETO v 7B LEHEEZERIZ LKV A LAY, E4HEBHERTLEBPETED
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4, “EURS vo80” OMEEFEEAEII Lo THEBL, 222240 2RO ERFTAHON
E ol
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