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Studies on Utilization of Waste Water from Fisheries Canning Process—IV

On the Component in the Broth of Bonito and the Elimination of Metals.

Hiromitsu QOsada

In order to utilize the broth in bonito canning process as food, the component of the
broth was investigated and the elimination of the harmful metals for human body as
zinc, copper and arsenic in the broth was carried out by dialysis using viscose tubing,
PVA hollow fiber dialyzer and electro dialysis and by adding calcium phytate, and the
chemical forms of metals in the broth were investigated by ion exchange resins.

It was found that the broth of bonito contained a considerable amount of protein and
free amino acid, as well as a considerable amount of harmful metals for human body
as zine and arsenic.

When the calcium phytate was added at the rate of 525 in the partial hydrolyzate of
the broth, zinc, copper, lead and cadmium except arsenic were considerably eliminated,
and when the partial hydrolzate of the broth was dialysed with PVA hollow fiber
dielyzer for 9 hours, all the metals in it were considerably eliminated and at the same
time, the portein and free amino acid in the broth were remarkably eliminated.

The chemical forms of metals in the broth of bonito differed in each metal, i, e,
copper was an acidic form and cadmium was a neutral form and arsenic was mainly
an acidic form, and 54% of zinc was an acidic form and 26% of its was a neutral form
and 20% of its was a basic form.
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Fig. 1 Procedure for fractionating broth
of bonito.
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PUhECEIONTO L. Bl Table 1 Contents of proximate composition and metals in

ERAKMEBIERLL. WEEL DS broth {Brix 37°) of bonito.
1% FTH5B. KHEH 6.5 )

Proximate Content Metal Content
HEZTNTII. composition (%) (ppm)
£EE LTIIESR, #&HIEE Moisture 63.70 Cu 1.92
ImEl, ¥hvZTehiihasE Crude fat 0.77 Pb 0.67
NTHf. T EN MO Crude protein 28.30 Cd 1.56
Carbohydrate 0.76 Zn 54.60
= C s 7“‘ ¥ b\ "'.1,
'1:1! 'H:,\‘L PEYENDT, Crude ash 6.47 Fe 134.00
LHIPDFRETHREL-DOLAR As £.10
ELTHTEIEHBET L.
B, 8, AFIvARLETR Table 2 Contents of constituent and free amino acids in
- h ix - ito,
EAREENT . CHOHD broth (Brix -37°) of bon.lto .
. Constituent Free amino*
SHEREADKA &S, BN amino acids acids
5 %
B, BRICE>THDEDOE . (mg %) g %)
$BZEER OB B Taurine 741 543
BN % A% J_" s Aspartic acid 958 44
AOBEHHICI-ABELEN Threonine 346 44
DT. TORBHIENVENZL Serine 269 49
3. Glutamic acid 2,194 104
Proline 1,612 39
2. 7I/BAR Glycine 3,152 65
Alani 1,408 128
By ARIDT L/ BERE o
_ i Cystine — 7
FZ2ITRLA K D4T, MERT 3 Valine 422 53
JBELTRIZVZIVEE, 7 Methionine 215 51
N vy, eRFYUHBIEEIC iso-Leucine 294 42
£, DWTFY Y, T 5= Laucine 098 89
. Tyrosine 362 56
B = £ Ak
Yo TAFSIMEL 5 = ih.f. Phenylalanine 290 51
5. 17‘:;}}@7 T/ &0) ) Lysine 818 304
v, o4 ¥y, Ny vEH M Histidine 3,414 1,974
pECATNTOL. NH, 440 85
BET I BLLTE. EX Arginine 1,010 52
FOUMESBL, DINTE Y Total 18,543 3.780

Ju, 1P vyMELETITNTH *Hydrolysis was carried out with 6N HCI at 120°C for 48 hours.
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Table 3 Changes in contents of metals in broth (Brix 37°)
of bonito by dialysis. (%)

Dialysis time (minutes)
0 30 60 120 180
Cu 100 100 100 98.4 { 100
Pb 100 100 100 100 100
Cd 100 100 100 100 100
Zn 100 94.7 89.2 | 100 99.5
As 100 100 100 100 78.0
Dialysis was carried out with viscose tubing of 21.4mm in

diameter.

Table 4 Changes in contents

of protein and free amino acids

in broth (Brix 37°) of bonito by dialysis. (%)
Dialysis time (minutes)
0 30 60 120 180
Crude protein 100 89.4 83.0 73.1 66.1
(28.30); (25.30)| (23.50); (20.70)| (18.70)
Free amino acids 100 78.0 59.5 47 .4 40.2
(3.78) | (2.93)] (2.25) (1.79)] (1.52)
Neutral amino acids 100 79.6 55.5 36.5 23.4
Basic amino acids 100 77.3 61.6 53.3 49.6
Essential amino acids 100 77.8 63.5 46.0 36.5
Dialysis was carried out with viscose tubing of 21.4mm in

diameter.

Table 5 Changes in contents

of metals in partial hydrolyza)te

of broth (Brix 37°) of bonito by dialysis

Dialysis time (minutes)
0 30 60 120 180
Cu 100 95.0 81.8 0 0
Pb 100 97.0 982.5 0 0
Cd 100 97.4 74.4 0 0
In 100 77.8 71.4 71.4 55.9
As 100 | 100 100 51.2 53.7

Hydrolysis was carried out with 4N HCI at 100°C for two hours.

Table 6 Changes in contents

of protein and free amino acids

in partial hydrolyzate of broth (Brix 37°) of b(ogn;)to

by dialysis.

Dialysis time (minutes)

0 30 60 120 180

Crude protein 100 40.6 32.5 20.5 12.7
(28.30)| (11.50) (9.20)| (5.80) (3.60)

Free amino acids 100 44.7 36.4 22.7 12.3
(19.36); (8.65)] (7.03) (4.39); (2.38)

Neutral amino acids 100 43.6 35.8 20.8 11.2

Basic amino acids 100 56.4 37.4 26.0 14.2

Essential amino acids 100 44.3 36.9 24.9 15.7

Dialysis was carried out with viscose tubing of 21.4mm in

diameter.
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Table 7 Changes in contents of metais in broth (Brix 37°) of bonito by the addition of
calcium phytate. (%)

Added calcium phytate (%)
0 1 3 I 5 10 20
Cu 100 88.0 100 95.3 100 100
Pb 100 82.1 80.6 65.7 46.3 41.8
Cd 100 100 0 0 0 0
Zn 100 31.7 25.8 6.7 0 0
As 100 63.4 79.5 77.8 77.8 100

n=3

Table 8 Changes in contents of protein and free amino acids in broth (Brix 37") of
bonito by the addition of calcium phytate. (%)

Added calcium phytate (%)

0 1 3 5 10 20

Crude protein 100 97.2 92.2 94.0 93.6 9.2
(28.30) (27.50) (26.10) (26.60) {26.50) (25.80)

Free amino acids 100 94.4 91.5 89.9 93.7 89.2
(3.78) (3.57) (3.46) (3.40) (3.59) (3.37)

Neutral amino acids 100 94 .4 91.5 89.9 93.7 89.2

Basic amino acids 100 94.2 94.6 86.8 96.7 89.7

Essential amino acids 100 101.6 101.6 103.2 103.2 96.8

Table 9 Changes in contents of metals in partial hydrolyzate of broth (Brix 37°) of
bonito by the addition of calcium phytate. (%)

_ Added calcium phytate (%)
0 1 3 5 10 20
Cu 100 84.4 76.6 62.5 73.4 37.5
Pb 100 37.3 43.3 43.3 23.9 32.8
Cd 100 0 0 0 0 0
Zn 100 48.0 50.5 0 0 0
As 100 100 95.6 97.8 91.5 89.5
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Table 10 Changes in contents of protein and free amino acids in partial hydrolyzate of
broth (Brix 37°) of bonito by the addition of calcium phytate. (%)

Added calcium phyiate (95)

0 1 3 5 10 20
Crude protein 100 98.9 100 100 97.2 89.8
(28.30) | (28.00) | (28.30) (28.30) (27.50) | (25.40)
Free amino acids 100 93.0 89.4 89.4 100.3 97.6
(19.36) | (18.00) | (17.30) | (17.30) | (19.42) | (18.50)
Neutral amino acids 100 95.9 88.4 90.0 105.4 102.2
Basic amino acids 100 87.6 91.6 87.2 90.2 88.2
Essential amino acids 100 94.8 80.0 95.1 96.0 73.5
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Table 11 Changes in contents of matals in broth (Brix 37°) of bonito by PVA hollow

fiber dialyzer. (%)
Dialysis time (hours)
0 1 2 3 4 9
Cu 100 100 100 70.3 65.6 64.1
Pb 100 92.2 76.6 70.3 62.8 37.5
Cd 100 100 100 100 100 88.8
Zn 100 100 98.3 100 100 90.5
As 100 72.7 56.1 42.4 31.8 31.8

(KL-1-100-A)



Table 12 Changes in contents of protein aud free amino acids in broth (Brix 37°) of

bonito by PVA hollow fiber dialyzer. (%)
Dialysis time (hours)
0 1| 2 | s 4 9
Crude protein 100 91.4 85.4 80.0 76.2 65.7
(28.30) | (25.87) | (24.17) | (22.64) | (21.56) | (18.59)
Free amino acids 100 84.6 68.7 53.5 46.0 18.4
(3.78) (3.20) (2.60) (2.02) (1.74) (0.70)
Neutral amino acids 100 79.8 63.1 46.1 40.5 13.0
Basic amino acids 100 87.7 72.5 58.5 49.7 22.1
Essential amino acids 100 93.6 77.1 64.7 57.1 27.8
(KL-1-100-4)

Table 13 Changes in contents of metals in partial hydrolyzate of broth (Brix 37°) of

bonite by PVA hollow fiber dialyzer. (%)
Dialysis time (Chours)
0 1 2 3 4 9
Cu 100 100 100 100 0 0
Pb 100 88.4 41.0 31.4 31.4 0
Cd 100 78.6 57.1 46.5 0 0
Zn 100 79.6 66.1 50.2 50.5 23.7
As 100 72.6 67.1 43.8 41.1 1.4
(KL-1-100-A)

Table 14 Changes in contents of protein aud free amino acids in partial hydrolyzate of
broth (Brix 37°) of bonito by PVA hollow fiber dialyzer. (%)

Dialysis time (hours)

0 1 2 3 4 9
Crude protein 100 86.0 68.3 55.6 47.3 26.3
(28.30) | (24.30) | (19.33) | (15.73) | (13.39) (7.44)
Free amino acids 100 85.2 63.9 51.0 43.4 12.5
{19.36) (16.49) | (12.37) (9.87) (8.40) (2.42)
Neutral amino acids 100 82.4 60.1 46.8 40.3 11.0
Basic amino acids 100 91.0 71.9 59.6 49.7 15.5
Essential amino acids 100 84.7 69.9 58.8 48.9 13.7
(KL-1-100-A)

5L0EPVA 200 « 732 A1"— - AT SAF—ZRAVBEIBHRNTH . ENESENRT
ZRIFTNOORIEBRELLELN, FABICARYT. BET I/ BOBREELELLY, XBE
BELTHOT, BRI ABEBEETHAD.

6. BESENICLIEE, LABERIUHEE7 /BOEER
BEENCLZAVABHOEE, HAQHBLIUEET I/ BOBHERERIS~IBRRLICED
12, BHEZZ0ETORETHLEEINT 2L, 4BHOBRHTRE. eZBEMIBREINEIDHA



KEEES LA B T A R ORNBIZlT 2 UHE—IV

Table 13 Changes in contents of metals in broth (Brix 37°) of bonito by electrodialysis.

(%)
Dialysis time (hours)

0 1 2 3 4 9

Cu 100 100 100 100 100 100

Pb 100 100 80.5 73.2 80.5 100
Cd 100 | 100 100 100 100 81.3
Zn 100 I 100 100 100 100 27.4
As 100 100 100 100 85.5 72.6

Table 16 Changes in contents of protein and free amino acids in broth (Brix 37°) of
bonito by electrodialysis. (%)

Dialysis time (hours)

0 1 2 3 4 9
Crude protein 100 98.1 98.1 08.1 95.6 86.9
(28.30) (27.76) | (27.76) (27.76) (27.05) | (24.59)
Free amino acids 100 98.1 99.6 99.2 95.4 92.3
(3.78) (3,71 (3.76) (3.75) (3.61) (3.49)
Neutral amino acids 100 98.2 100 98.1 91.9 92.2
Basic amino acids 100 97.9 99.1 99.9 96.8 95.9
Essential amino acids 100 100 100 100 94.3 100

Table 17 Changes in contents of metals in partial hydrolyzate of broth (Brix 37°) of

bonito by electrodiaysis. (%)
Dialysis time (hours)
0 1 2 3 4 9
Cu 100 100 100 100 100 100
Pb 100 100 100 80.8 85.4 100
Cd 100 100 100 85.6 100 100
Zn 100 100 92.5 92.5 100 100
As 100 100 93.2 91.8 89.2 75.3

Table 18 Changes in contents of protein and free amino acids in partial hydrolyzate of
broth {Brix 37°) of bonito by electrodialysis. (%)

Dialysis time (hours)

o | 1 |2 3 4 9
Crude protein 100 93.4 90.5 87.3 87.3 83.8
(28.30) (27.85) (25.61) (24.71) (24.7D| (@23.72)
Free amino acids 100 97.3 95.7 91.1 88.2 80.6
(19.36) (18.84) (18.53) (17.74) (17.08) {15.60)
Neutral amino acids 100 97.3 94.5 90.4 89.1 81.0
Basic amino acids 100 97.3 97.6 921 86.8 80.0

Essential amino acids 100 93.8 86.8 84.3 85.1 81.1
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