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Effects of Different Dietary Protein Sources on Apparent Digestibility
and Growth in Juvenile River Puffer Takifugu obscurus

Gwangyeol Yoo and Sungchul C. Bai'*

The Province of Chungcheongnam-do Fisheries Research Institute, Boryeng 355-851, Korea
'Department of Marine Bio Materials & Aquaculture/Feeds and Foods Nutrition Research Center, Pukyong National University,
Busan 608-737, Korea

An 8-week feeding trial was conducted to determine the apparent dry matter and protein digestibility of seven differ-
ent dietary protein sources by juvenile river puffer Takifugu obscurus. Eight diets containing white fish meal (WFM),
brown fish meal (BFM), squid liver powder (SLP), krill meal (KM), leather meal (LM), soybean meal (SM), or
fermented soybean meal (FSM) were prepared by mixing a basal diet (BD) with one of the seven test ingredients at
a ratio of 7 to 3. Fish averaging 10.8 + 0.04 g were fed the experimental diets in triplicate groups. The apparent dry
matter digestibilities of BFM, WFM, FSM, SLP, LM, SM, and KM were 80, 78, 72, 67, 56, 55, and 54%, respectively,
while the corresponding apparent protein digestibilities were 96, 96, 93, 92, 89, 88, and 86. The weight gain of fish
fed BFM was significantly greater than that of fish fed SM or LM (P<0.05), while it was not significantly different
from that of fish fed the BD, WFM, FSM, BFM, SLP, or KM. These results indicated that WFM, BFM, FSM, and
SLP are potentially good protein sources for replacing fish meal in river puffer feed.
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Table 1. Composition of the basal diet

Ingredients %
Brown fish meal’ 65
Yellow puffer muscle powder? 6
Wheat flour® 18
Fish oil* 4.5
Vitamin premix® 3
Mineral premix® 3
Cr,0, 0.5
Proximate composition (%, DM)

Moisture 10.0
Crude protein 51.7
Crude lipid 12.0
Crude ash 20.9

'Rom Co., LTD. Goseong, Korea.

“Prepared by lyophilized muscle from adult fish.

3Young Nam Flourmills Co., Busan, Korea.

“Ewha Oil Company, Busan, Korea.

*Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium
pantothenate, 150; Choline bitatrate, 3000; Inositol, 150; Menadi-
one, 6; Niacin, 150; Pyridoxine.HCI, 15; Riboflavin, 30; Thiamine
mononitrate, 15; dl-a-Tocopherol acetate, 201; Retinyl acetate, 6;
Biotin, 1.5; Folic acid, 5.4; B,,0.06.

%Contains (as mg/kg in diets) : NaCl, 437.4; MgSO,.7H,0.1379.8;
ZnS0O,7H,0,226.4; Fe-Citrate,299; MnSO4'O.016; FeSO,,0.0378;
CuS0,,0.00033; Calciumiodate,0.0006; Mg0,0.00135; NaS-
€0,,0.00025.
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Table 2. Proximate composition of dietary protein sources (%, DM)

R
2
1o
B
X
WE,
ox
o
ot
N

385

Ingredients Moisture Protein Lipid Ash
White fish meal 7.07 77.7 8.65 12.6
Soybean meal? 10.4 55.6 0.78 7.38
Fermented soybean meal® 5.00 52.8 1.44 6.36
Brown fish meal* 4.45 65.8 10.8 22.5
Leather meal® 6.87 77.9 9.94 12.9
Squid liver powder® 10.1 48.3 14.3 9.10
Krill meal® 6.23 55.8 11.2 17.2
Puffer muscle powder’ 81.5 81.3 1.83 5.03

1From Alaska supplied by Rom Co., Ltd. Goseong, Korea. 2American Soybean Association/Korea. 3CJ Cheiljedang corp. Seoul, Korea.

4From Chile supplied by Rom Co., Ltd. Goseong, Korea. 5SWoosungfeed Co. Ltd. Daejeon, Korea. 6Rom Co., Ltd. Goseong, Korea. 7Pre-

pared by lyophilized muscle from adult fish.

Table 3. Chemical composition of reference and test diets (%, DM)

Diets’ Moisture Protein Lipid Ash
BD 10.0 52.7 1.5 20.9
WFM 14.8 60.3 10.8 18.0
SM 13.3 52.4 9.08 16.3
FSM 13.4 54.4 9.12 16.2
BFM 15.8 55.7 1.9 20.7
LM 1.3 60.4 11.1 17.6
SLP 12.9 50.9 12.5 16.9
KM 14.7 54.6 12.2 20.0

'BD = basal diet, WFM = BD (70%) + WFM (white fish meal,
30%), SM = BD (70%) + SM (soybean meal, 30%), FSM = BD
(70%) + FSM (fermented soybean meal, 30%), BFM = BD (70%)
+ BFM (brown fish meal, 30%), LM = BD (70%) + LM (leather
meal, 30%), SLP = BD (70%) + SLP (squid liver powder, 30%),
KM =BD (70%) + KM (krill meal, 30%).
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Apparent digestibility coefficients of dry matter (ADCs of
DM, %) =100 % [1- Cr,0O, in diet (%) / Cr,O, in feces (%)]

ADCs of nutrients (%) = 100 - [{nutrient in feces (%) X
Cr,0, in diet (%)} + {nutrient in diet (%) x Cr,O, in feces
(%)} x100]

ADC:s of the test ingredient (%) = 100/30 X (ADCs in test diet
- 0.7 X ADCs of basal diet)
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Fig. 1. Digestibility tank system used in this study.
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Table 4. Apparent digestibility of dry matter and protein of seven
different protein sources'

Digestibility (%)?

Diets? -
Dry matter Crude protein

WFM 78.12 95.72

SM 54.7° 86.3°
FSM 71.7% 93.1%
BFM 80.5° 96.0°

LM 56.2¢ 88.0%°
SLP 66.6° 91.82¢
KM 53.8° 89.1°
Pooled SEM* 2.41 1.02

"Values are means from triplicate groups, values in the same col-
umn not sharing a common superscript are significantly different
(P<0.05).

’BD = basal diet, WFM = BD (70%) + WFM (white fish meal,
30%), SM = BD (70%) + SM (soybean meal, 30%), FSM = BD
(70%) + FSM (fermented soybean meal, 30%), BEM = BD (70%)
+ BFM (brown fish meal, 30%), LM = BD (70%) + LM (leather
meal, 30%), SLP = BD (70%) + SLP (squid liver powder, 30%),
KM =BD (70%) + KM (krill meal, 30%).

SApparent digestibility values were calculated as previously de-
scribed by Sugiura et al. (1998).

4Pooled standard error of mean: SD/vn.
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Table 5. Growth performance of juvenile river puffer Takifiigu obscurus fed eight experiment diets for 8 weeks'

Diets? Pooled

Parameters 3
BD WFM SM FSM BFM LM SLP KM SEM
WG (%)* 74.2% 69.20° 51.1¢ 64,620 82.3 47.0¢ 63.8%c 59 4abed 2.99
FE (%) 29.2% 27.3c 21.8° 25.52be 31.12 21.6° 25.6° 24.3b° 0.94
PER® 0.58a 0.48zbc 0.39° 0.450 0.562 0.37° 0.43c 0.48w0¢ 0.02
SGR? 1112 1,052 0.82° 0.99z0c 1.99 0.80° 1.0020° 0.93be 0.04
CF® 2.20% 2.322 2.24% 2.20% 2.21% 2.03 2.04° 2.112 0.03
HSI (%)° 0.12a 0.12 0.112 0.10° 0.10b 0.112 0.112 0.112 0.002
VEI 0.172 0.17 0.162%° 0.15° 0.15% 0.162° 0.162° 0.16%° 0.002
Survival (%) 98.3 100 95.0 100 98.3 95.0 93.3 96.7 0.79
PCV' 315 31.2 33.2 317 29.3 31.1 30.5 32.0 0.94
Hb'2 11.4 11.2 1.7 1.6 11.2 11.4 1.7 11.3 0.18

"Values are means from triplicate groups, values in the same row not sharing a common superscript are significantly different (P<0.05).

2BD = basal diet, WFM = BD (70%) + WFM (white fish meal, 30%), SM =BD (70%) + SM (soybean meal, 30%), FSM = BD (70%) + FSM
(fermented soybean meal, 30%), BFM = BD (70%) + BFM (brown fish meal, 30%), LM = BD (70%) + LM (leather meal, 30%), SLP = BD
(70%) + SLP (squid liver powder, 30%), KM = BD (70%) + KM (krill meal, 30%). *Pooled standard error of mean: SD/n. *Weight gain
(%): (final wt. - initial wt.) x 100 / initial wt. Feed efficiency (%): (wet weight gain / dry feed intake) x 100. *Protein efficiency ratio: wet
weight gain / protein intake. "Specific growth rate: (log, final wt. - log_ initial wt.) / days. *Condition factor: [fish wt. (g) / fish length (cm)’]x
100. *Hepatosomatic index: (liver weight / body weight) x 100. °Visceralsomatic index: (viscera weight / body weight) x 100. ""PCV (%)

= hematocrit. '?Hb (g/dL) = hemoglobin.

Table 6. Whole body composition (%, DM) of juvenile river puffer Takifugu obscurus fed eight experiment diets for 8 weeks!'

Diets? Pooled

Parameters — 3
Initial BD WFM SM FSM BFM LM SLP KM SEM
Moisture 76.2+0.24 72.5 74.0 74.0 73.5 74.1 74.6 74.9 73.4 0.26
Crude protein 51.8+0.02 55.5¢ 56.9 58.5% 59.6° 58.0%  57.4ac  572%c 58 4ad 0.32
Crude lipid 29.5+0.05 30.6°  29.9®%  285® 2700 27.8®  28.7®  292%  283® 0.35
Ash 10.6+0.02 11.8% 12.6° 1.1 112 11.0%¢ 104  9.80° 10.2° 0.22

Values are means from triplicate groups, values in the same row not sharing a common superscript are significantly different (P<0.05).
’BD = basal diet, WFM = BD (70%) + WFM (white fish meal, 30%), SM = BD (70%) + SM (soybean meal, 30%), FSM = BD (70%) +
FSM (fermented soybean meal, 30%), BFM = BD (70%) + BFM (brown fish meal, 30%), LM = BD (70%) + LM (leather meal, 30%), SLP
=BD (70%) + SLP (squid liver powder, 30%), KM = BD (70%) + KM (krill meal, 30%).

3Pooled standard error of mean: SD/n.
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