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Recovery and Utilization of Proteins and Lipids from the Washing Wastewater in Marine Manufacture
by Isoelectric Point Shifting Precipitation Method —4. Utilization of the Recovered Protem Fractions
as the Alternative Feed of Fish Meal. Gwang-Woo Kim, Ga-Hyeon Kim, Myung-Hee Ueo', Ok-Seon
Kim' and Soon-Yeong Cho'™. Department of Food Science, Kangnung National University, Gangneung 210-702,
Korea, 'East Coastal Marine Bioresources Research Center, Kangnung National University, Gangneung 210-702,
Korea - Mackerel water-soluble protein fraction produced by washing the mackerel meat were con-
centrated by isoelectric point shifting precipitation process, and the concentrates were utilized as the
alternative feed of fish meal. In the 1st aquaculture diet experiment for Israel common carp, the feed
conversion ratio decreased in proportion to the rise in the percentage of the recovered protein containing
a residual lipid, which was added to the fish meal. It was supposed that the low feed efficiency was
because of lipid oxidation in the recovered protein fraction. In addition, 2nd aquaculture diet experiment
for Israel common carp was conducted after removing the oxidized lipid in the recovered protein fish
meal. When a portion of the fish meal was substituted by the recovered protein devoid of the residual
lipid, the feed conversion ratio increased in proportion to the amount of the substitute being added
to the fish meal. Therefore, the recovered protein fraction of the mackerel washing wastewater from
mackerel processing factory could be used as the alternative feed of fish meal.

Key words : The recovered protein fraction, isoelectric point shifting precipitation, Israel common
carp, lipid oxidation, feed efficiency ratio
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Table 1. Proximate composition of fish meal and mackerel
extract used for the 1st and 2nd experimental diets

(%)

_ Fish meal Mackerel extracts
Ingredient
1st 2nd Ist 2nd
Crude protein 57.7 68.5 82.0 76.3
Crude lipid 6.5 6.7 24 3.9
Ash 244 22.1 71 -
Moisture 8.2 1.0 7.7 10.9
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Table 2. Formulation of experimental diets for Israel common
carp in 1st trial

' . A B C
Diet No. FSR
0% 33.3% 66.6%
Fish meal 52.0 34.6 17.3
Makerel extract . 12.3 24.5
Flour (middlings) 445 47.6 50.6
Vitamin mix’ 1.0 1.0 1.0
Mineral mix’ 1.0 1.0 1.0
Salt 1.0 1.0 1.0
Yeast 0.5 0.5 0.5
Cellulose - 2.0 41
Total protein (%) 34.4 34.8 35.1

'Fish meal substitution ratio

*Contain ingredients per kg diet

Vit. A: 4,650 1U; Vit. Ds: 930 IU; Vit. E: 27.9 mg; Vit. K: 9.3
mg; Vit Bi: 18.6 mg; Vit. Be 18.5 mg; Vit. By 0.0186 mg;
Ascorbic acid: 93.0 mg; Choline: 511.5 mg; Biotin: 0.093 mg;
Inositol: 93.0 mg; PABA: 9.3 mg; Furazolidon: 46.5 mg; BHT:
6.51 mg and Filler.

’Contain ingredients per kg diet

Mn: 1,200 mg; Zn: 900 mg; Fe: 400 mg; Cu: 100 mg; Co: 10
mg; lodine: 25 mg
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Table 3. Formulation of experimental diets for Israel carp at

2nd trial
_ ; A B C

Diet No. FSR

0% 15.0% 30.0%
Fish meal 445 36.0 27.5
Makerel extract - 7.5 15.0
Flour (middlings) 490 50.0 51.0
Vitamin mix’ 1.0 1.0 1.0
Mineral mix’ 1.0 1.0 1.0
Salt 1.0 1.0 1.0
Yeast 0.5 0.5 0.5
Fish oil* 3.0 3.0 3.0
Total protein (%) 35.0 351 35.1

'Fish meal substitution ratio

*Contain ingredients per kg diet

Vit. A: 4,650 IU; Vit. D3 930 IU; Vit. E: 27.9 mg; Vit. K: 9.3
mg; Vit Bi: 18.6 mg; Vit. Be 185 mg; Vit. Bix: 0.0186 mg;
Ascorbic acid: 93.0 mg; Choline: 511.5 mg; Biotin: 0.093 mg;
Inositol: 93.0 mg; PABA: 9.3 mg; Furazolidon: 46.5 mg; BHT:
6.51 mg and Filler.

’Contain ingredients per kg diet.

Mn: 1,200 mg; Zn: 900 mg; Fe: 400 mg; Cu: 100 mg; Co: 10
mg; lodine: 25 mg

*pollack liver oil
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Table 4. Proximate compositions and remaining lipid characteristics of minced mackerel water soluble protein concentrates pre-

pared by freeze drying

(%)

Moisture Protein Lipid Carbohydrate Ash Peroxide value Browning
75.3+1.5 15.8+0.7 0.4+0.1 29+0.2
60, ' 27+0.01 0.39+0.04
0:b+0.2 (79.7+1.5)" (16.7+0.7) (0.4+0.1) (3.0£0.2) 0.27=0.0

"Dry basis



Table 5. Change in amino acid contents of raw mackerel and
recovered water soluble protein fraction in wahsing

wastewater (mg/100 g)
Amino acids Raw mackerel =~ Recovered protein
Asp 1.75 1.35
Glu 2.55 1.80
Ser+His 0.70 0.55
Gly 0.95 0.60
Thr 0.90 0.50
Arg 0.80 0.55
Ala 1.00 0.75
Tyr 0.40 0.35
Met 0.40 0.20
Val 0.80 0.20
Phe 0.70 0.50
leu 0.75 0.55
Leu 1.40 1.05
Lys 1.65 115

14.5(49.5)" 10.10(52.1)
Total | 68.0]7 [53.4]
"Dry basis

Moisture and lipid free basis
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Table 6. Performance of Israel common carp by substitution
of mackerel extract as a protein source for 1st 2
weeks in 1st trial' (Aug. 11~26, 2006)

Experimental aquaculture diet

Division
A B C
Initial Total body wt. (g) 939.0 915.5 914.0
Ave. body wt. (g) 23.5 229 22.9
Final  Total body wt. (g) 14000  1291.0  1216.0
Ave. body wt. (g) 35.4 32.3 30.4
Diet consumed (g) 716.0 636.4 583.9
Feed conversion ratio 1.6" 1.7° 1.9"
Daily growth rate (%) 2.7° 2.3% 1.9°
Daily feed consumption (%) 41" 3.9% 3.7°
Condition factor 18.9 18.8 18.8

'Values are means from duplicated group of fish. The means
in each row with a different superscript are significantly dif-

ferent (p<0.05).

Table 7. Performance of Israel common carp by substitution
of mackerel extract as a protein source for 2nd 2
weeks in 1st trial (Aug. 27~sept. 2006)

Experimental aquaculture diet

Division
A B C
Initial Total body wt. (g) 875.0 806.9 769.6
Ave. body wt. (g) 35.2 323 30.8
Final Total body wt. (g) 13600  1187.0 11265
Ave. body wt. {g) 54.4 47.5 45.1
Diet consumed (g) 560.5 495.6 4794
Feed conversion ratio 12 1.3 1.3
Daily growth rate (%) 3.2 2.8 2.8
Daily feed consumption (%) 3.6 3.6 3.6
Condition factor 20.1 19.8 19.6

Table 8. Performance of Israel common carp by substitution

of mackerel exiract as a protein source for 3rd 2 weeks
in st trial' (Sept. 12~25, 2006)

Experimental aquaculture diet

Division
A B C
Initial Total body wt. (g)  1088.0 949.6 901.2
Ave. body wt. (g) 54.4 47.4 45.1
Final Total body wt. (g)  1287.0 1044.5 968.0

Ave. body wt. (g) 64.4 52.2 48.4

Diet consumed (g) 507.9 3634 313.9
Feed conversion ratio 2.6° 3.9” 4.7°
Daily growth rate (%) 1.3° 0.7° 0.4
Daily feed consumption (%) 3.3° 2.8° 2.6°
Condition factor 19.1° 19.9° 17.1°

"Walues are means from duplicated group of fish. The means

in each row with a different supersctipt are significantly differ-
ent (p<0.05).
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Table 9. Performance of Israel common carp by substitution
of mackerel extract as a protein source for 1st 2
weeks in 2nd trial (July 7~20, 2007)

Experimental aquaculture diet

Division
D E F
Initial Total body wt. (g) 294.5 2935 296.5
Ave. body wt. {g) 29 29 3.0
Final Total body wt. (g) 4220 438.0 430.0
Ave. body wt. (g) 4.2 4.4 4.3
Diet consumed (g) 220.5 219.5 215.5
Feed conversion ratio 1.7 1.5 1.6
Daily growth rate (%) 2.6 2.9 27
Daily feed consumption (%) 4.4 4.3 4.2
Condition factor 14.9 15.8 15.3

Table 10. Performance of Israel common carp by substitution
of mackerel extract as a protein source for 2nd 2
weeks in 2nd trial (July 22~Aug. 5, 2007)

Experimental aquaculture diet

Division
D E F
Initial Total body wt. (g) 383.2 389.6 394.0
Ave. body wt. (g) 4.3 4.3 4.4
Final Total body wt. (g) 473.5 487 4 490.5
Ave. body wt. (g) 5.2 54 5.5
Diet consumed (g) 169.5 170.5 174.5
Feed conversion ratio 1.9 1.7 1.8
Daily growth rate (%) 1.5 1.6 1.6
Daily feed consumption (%) 2.8 2.8 2.8
Condition factor 15.2 15.3 15.7




Table 11. Performance of Israel common carp by substitution
of mackerel extract as a protein source for 3rd 2
weeks in 2nd trial' (Aug. 6~17, 2007)

Experimental aquaculture diet

Division
D E F

Initial Total body wt. (g)  383.2 389.6 394.0
Ave. body wt. (g) 4.3 4.3 4.4
: Total body wt. (g) 4735 4874 490.5

Final
Ave. body wt. (g) 5.2 5.4 5.5
Diet consumed (g) 169.5 170.5 174.5
Feed conversion ratio 19 1.7 1.8
Daily growth rate (%) 1.5 1.6 1.6
Daily feed consumption (%) 2.8 2.8 2.8
Condition factor 152° 153° 157

'Values are means from duplicated group of fish. The means

in each row with a different superscript are significantly dif-
ferent (p<0.05).
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