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The Elects on Fish Growth Performance of Fish Meal Replacement by
Pre-Digested Soybean Meal Produced by Fish Waste

Minoru KIHARA"

Department of Marine Biology and Sciences, School of Biological Sciences,
Tokai University, Sapporo 005-8601

ABSTRACT

The elcacy of pre-digested soybean meal (PDSBM) as a fish meal substitute in fish
feeds was investigated. Crude enzyme solutions for soybean meal (SBM) digestion
were prepared from stomach and pyloric caeca obtained from the waste of farmed
bluefin tuna viscera, and the enzyme solutions were used to prepare gastric
enzyme-digested SBM (G-PDSBM), pyloric enzyme-digested SBM (P-PDSBM) and
pyloric enzyme-digested G-PDSBM (GP-PDSBM). Each PDSBM had a mixture of
soy sauce and crustacean odors, and as a headspace analysis detected the presence
of aldehydes and pyrazines in PDSBM, the odor is likely the product of a Maillard
reaction. The feeding activity of salmon on PDSBM prepared with gastric enzyme
was higher than that of salmon on SBM, and an improvement of palatability
of PDSBM was confirmed by the digestion. Conversely, the feeding activity of
jacopever (kurosoi rockfish) on PDSBM prepared with gastric enzymes was lower
than that on SBM, suggesting that the response of fish to PDSBM probably diCers
among species. Finally, the growth coefficient of flounder and jacopever on a
P-PDSBM diet was higher than that on an SBM diet. These findings suggest that
P-PDSBM could be used as an alternative source of fish meal. Soy Protein Research,
Japan 21, 59-64, 2018.

Key words : bluefin tuna Thunnus orientalis, feeding activity, fish meal substitution,
pyloric caeca, pre-digested soybean meal
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Fig. 1. Testing tank for feeding activity experiments.
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Table 1. Composition of experimental diets
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Diets for Japanese flounder

Diets for jacopever
(kurosoi rockfish)

Ingredients o e GPD PPD GPPD Ingredients o sem GPD P-PD GPPD
SBM SBM SBM SBM SBM SBM
Fish meal 660 430 350 370 270 Fish meal 660 150 150 150 150
SBM 320 SBM 55.0
G-PDSBM 40.0 G-PDSBM 55.0
P-PDSBM 38.0 P-PDSBM 55.0
GP-PDSBM 48.0 GP-PDSBM 55.0
Wheat flour 74 52 4.0 4.0 29 Casein 05 9.0 9.0 9.0 9.0
Cellulose 104 23 05 0.7 0.3 Cellulose 15.0 41 14 14 14
o -Starch 35 20 40 4.0 43 o -Starch 5.8 0.3 3.0 3.0 3.0
Feed Qil 3.2 59 6.9 6.7 79 Feed Qil 32 7.0 7.0 7.0 7.0
CMC 10 10 10 1.0 1.0 CMC 1.0 1.0 1.0 1.0 10
Taurine 0.0 0.1 0.1 0.1 0.1 Taurine 0.0 0.1 0.1 0.1 0.1

Vitamin mixture 3.0 3.0 30 30 3.0
Mineral mixture 4.0 4.0 4.0 4.0 4.0
Celite® 15 15 15 15 15

Vitamin mixture 3.0 30 30 30 3.0
Mineral mixture 4.0 4.0 4.0 4.0 4.0
Celite® 15 15 15 15 15

Total 100 100 100 100 100

Total 100 100 100 100 100

Celite® was added as a marker for determining digestibility.

0o0o0odoododdvol. 2120180

61



800

B Methyl-propanal @ Methyl-butanal O Pyrazines

600 |

400

200 |

Areall
(x 1076/glsample,UfordMPIandIMB)
(x 10™4/g0sample,lfor0Pyrazines)

KM FM SBM G- P- GP- G+C P+C

PDSBM

Fig. 2. Formation of Strecker aldehydes and pyrazines
in pre-digested soybean meal (PDSBM).
Columns represent the mean with standard
deviation (bar) of two samples. KM: krill meal,
FM: fish meal, SBM: soybean meal, G-: Gastric
enzyme-digested SBM (G-PDSBM), P-: pyloric
enzyme-digested SBM (P-PDSBM), GP-. pyloric
enzyme-digested G-PDSBM (GP-PDSBM), G+C:
Gastric enzyme with cellulose, P+C: Pyloric
enzyme with cellulose.
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Fig. 3. Stimulatory effects of pre-digested soybean
meal (PDSBM) on feeding activity of salmon
(top) and jacopever (bottom). Columns
represent the median with range (bar) of
5 experiments. Undigested G-, P- and GP-
represent the zero-time samples for each
PDSBM. Columns with different superscripts
are significantly different (P<0.05). FM: fish
meal, SBM: soybean meal, KM: krill meal, G-:
G-PDSBM, P-: P-PDSBM, GP-: GP-PDSBM.
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Fig. 6 Redox status in plasma of jacopever fed diets
with pre-digested soybean meal (PDSBM). As
plasma used for the analysis was pooled from
5 fish, standard deviations are not shown for
values analyzed.

Fig. 4. EDects of pre-digested soybean meal (PDSBM)
on body weight of jacopever. Symbols
represent the mean with standard deviation
(bar) of 15 fish. FM: fish meal diet, SBM:
soybean meal diet, G: G-PDSBM diet, P:
P-PDSBM diet, GP: GP-PDSBM diet.
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Fig. 5. Comparison of enzyme activity in pyloric
caeca of jacopever fed diets with pre-digested
soybean meal (PDSBM). Columns represent the
mean with standard deviation (n=4). Columns
with dilJerent superscripts within an enzyme
group are significantly dillerent (P<0.05).
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