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Abstract

This study was conducted to evaluate hydrolyzed pig bristle meal (PBM) as a fish meal
(FM) replacer in diets for juvenile olive flounder (Paralichthys olivaceus) (Exp-1 & 2) and
common carp (Cyprinus carpio) (Exp-3). In this study, growth performance, feed utilization,
diet digestibility, innate immunity and intestinal morphology were examined.

In Exp-1, six diets were prepared to contain 0 (control), 3, 6, 9, 12 and 15% PBM (PBMO,
PBM3, PBM6, PBMY9, PBM12 and PBM15) replacing FM. Triplicate groups of olive
flounder (initial mean body weight, 8.69 g) were fed the diets to apparent satiation for 8
weeks. Growth performance was significantly affected by the dietary treatments. All PBM
supplemented groups except for PBM3 showed significantly lower growth performance
compared to PBMO group. Analysis of hemological and innate immunity parameters were
not significantly different among all the groups. Apparent digestibility of protein was not
different up to 12% PBM inclusion, but lower in higher inclusion (PBM15) compared to
PBMO.

In Exp-2, seven experimental diets (PBMO, PBM3, PBM6, PBM9, PBM12, PBM15,
PBM9+Taurine) were prepared to contain 0 (control), 3, 6, 9, 12and 15% PBM and 9%
PBM+Taurine replacing FM. Triplicate groups of olive flounder (initial mean body weight,
10.4 g) were fed the diets to apparent satiation for 8 weeks. At the end of the feeding trial,
growth performance and feed utilization were significantly affected by the dietary treatments.
All the PBM groups except for PBM15 did not differ in the growth performance compared to
the control group. PBM15 was significantly lower than the control. PBM9 group was
significantly higher than the control in AST and lysozyme activity. There was no significant
difference in condition factor and viscera index, but PBM9 showed the highest values.

In Exp-3, six diets (PBMO, PBM4, PBM8, PBM12, PBM16 and PBM?20) were prepared
to contain 0 (control), 4, 8, 12, 16 and 20% PBM replacing. Triplicate groups of common
carp (initial mean body weight, 3.7 g) were fed the diets to apparent satiation for 8 weeks. At

iv



the end of the feeding trial, growth performance and feed utilization were significantly
affected by the dietary treatments. Increasing levels of PBM replacing FM in diets showed
decreased growth performance. Dry matter digestibility was increased significantly by the
treatment. PBM4 and PBMS8 groups showed significantly higher protein digestibility
compared to the control group.

Results indicated that up to 7.5% FM protein can be replaced by PBM with limiting
amino acids in diets for olive flounder, but up to 14% in diets for common carp without
amino acid supplementation. However, in olive flounder diet FM protein can be replaced up
to 15% by PBM with supplementation of lysine and methionine and mono-calcium
phosphate. In conclusion, hydrolyzed PBM seems a good protein source that could partially

replace FM in diets for fishes, especially olive flounder and common carp.
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Figure 1-1. Preparation of experimental diets



Table 1-1. Formulation and proximate analysis of six experimental diets for olive flounder

(%, dry matter basis).

Experimental diets

Ingredients
PBMO PBM3 PBM6 PBM9 PBM12 PBM15

Morocco fish meal 48.0 44.4 40.8 37.2 33.6 30.0
Pig bristle meal 0.00 3.00 6.00 9.00 12.0 15.0
Soybean meal 8.00 8.00 8.00 8.00 8.00 8.00
Corn gluten meal 8.00 8.00 8.00 8.00 8.00 8.00
Wheat flour 27.5 27.5 27.5 27.5 27.5 27.5
Fish oil 4.00 4.40 4.80 5.20 5.60 6.00
Mineral Mix" 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin Mix? 1.00 1.00 1.00 1.00 1.00 1.00
Starch 2.00 2.01 2.02 2.03 2.04 2.05
Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
Lysine 0.00 0.10 0.20 0.30 0.40 0.50
Methionine 0.00 0.03 0.06 0.09 0.12 0.15
Histidine 0.00 0.05 0.10 0.15 0.20 0.25
Proximate composition

Moisture 4.75 4.72 5.07 4.87 4.76 4.43
Crude protein 47.2 47.3 46.9 46.9 47.7 47.5
Crude lipid 9.56 9.57 9.41 10.1 10.5 11.1
Ash 11.5 11.0 11.0 10.8 10.5 10.2

! Mineral premix (g kg™ of mixture): MgS0,.7H,0, 80.0; NaH,P0,.2H,0, 370.0; KCI, 130.0;
Ferric citrate, 40.0; ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICl;. 6H,0, 0.15;
Na,Se,03, 0.01; MnS0O,.H,0, 2.0; CoCl,.6H,0, 1.0.

2Vitamin premix (g kg™ of mixture): L-ascorbic acid, 121.2; DL-a. tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-
p-pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-aminobezoic
acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin,
0.003.
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Figure 1-2. Selection of fish for the feeding trial and rearing tank
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Figure 1-3. Feces collection tanks (Guelph system)
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Table 1-2. Growth performance of olive flounder (Initial BW: 8.69 g) fed the experimental diets for 8 weeks.

FBW! WG? FCR® SGR* PER® Survival® (%)
PBMO 36.1+1.91° 316+22.2° 0.77+0.05° 2.74+0.10° 2.59+0.07° 92.4+4.36
PBM3 34.9+0.86° 301+8.84° 0.76x0.14° 2.67+0.04° 2.70+0.16 92.4%7.19
PBM6 30.2+1.50° 248+17.3° 0.93+0.03* 2.40£0.10™ 2.21£0.71® 89.5+15.7
PBM9 27.4+1.20™ 216+14.9™ 1.01+0.09° 2.21+0.09° 1.94+0.65® 90.5+11.9
PBM12 27.1£1.40™ 212+17.1™ 1.06+0.08" 2.19+0.11% 1.87£0.25® 95.2+1.65
PBM15 24.01.49° 175+16.7° 1.32+0.08° 1.95+0.12% 1.42+0.25° 89.5+5.95

Mean values of triplicate groups, values are presented as mean £ SD. Values in the same column having different superscript letters are significantly

different (P< 0.05).

'FBW: final body weight (g)

“Weight gain (%) = 100 x (final mean body weight — initial mean body weight)/initial mean body weight

3Feed conversion ratio = dry feed fed / wet weight gain

*Specific growth rate (%) = [(log final body weight - log, initial body weight)/days] x 100

*Protein efficiency ratio = wet weight gain / total protein given

®Survival (%)
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Table 1-3. Blood parameters of olive flounder fed the six experimental diets for 8 weeks.

Hematocrit* Hemoglobin® AST? ALT*
PBMO 22.5+2.60 3.81+0.72 36.9+£3.03 14.3+4.28
PBM3 26.2+3.79 4.81+2.03 41.3+1.06 13.9£0.85
PBM6 29.5+6.93 3.21+£0.25 35.1+7.27 12.9+1.47
PBM9 23.8+£4.07 3.61+0.70 33.5+£1.97 11.4+£1.42
PBM12 27.2+4.54 3.54+0.08 33.3x3.71 14.9+1.40
PBM15 25.2+3.82 3.07+0.60 30.8+6.27 14.2+3.62

Mean values of triplicate groups are presented as mean + SD. Values in the same column

having different superscript letters are significantly different (P< 0.05).
'Hematocrit (%)

?Hemoglobin (g/dL)
$Aspartate aminotransferase (U/L)

*Alanine aminotransferase (U/L)

Table 1-4. Non-specific immune response parameters of olive flounder fed the six

experimental diets for 8 weeks.

NBT* Lysozyme? T-g° MPO* soD®
PBMO 0.68+0.13 34.4+13.3 19.4+3.86 1.69+0.73 69.8+3.14
PBM3 0.80+0.27 31.8+14.4 21.545.18 1.76+0.64 70.1+26.0
PBM6 0.62+0.16 35.7411.9 22.1+1.62 1.78+0.68 70.9+21.8
PBM9 0.59+0.06 19.4+9.35 23.8+1.67 1.71+0.64 66.2+13.8
PBM12 0.59+0.04 18.9+1.27 16.2+7.68 1.81+0.68 65.4+15.4
PBM15 0.58+0.08 12.6+8.48 13.9+4.29 1.83+0.71 58.6+18.5

Mean values of triplicate groups are presented as mean £ SD. Values in the same column

having different superscript letters are significantly different (P< 0.05)

'Nitro blue tetrazolium activity (absorbance)

“Lysozyme (ug ml™)

3Total immunoglobulin (mg ml™ protein)

*Myeloperoxidase activity

16



>Superoxide dismutase (% inhibition)
Table 1-5. Apparent digestibility coefficients (%, ADC) of dry matter and crude protein in

the test diets determined by fecal collection method (Guelph system) for olive flounder.

Dry matter Crude protein
PBMO 78.4+3.53 93.1+1.13°
PBM3 77.0+5.28 92.4+1.74%
PBM6 76.3£1.63 91.5+0.58"
PBM9 75.5+1.10 91.3+0.39%
PBM12 72.5+4.43 90.6+1.52%
PBM15 73.4+2.62 89.7+1.02°

Mean values of triplicate groups are presented as mean £ SD. Values in the same column
having different superscript letters are significantly different (P< 0.05).
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Figure 2-1. Preparation of experimental diets

19



Table 2-1. Formulation and proximate analysis of seven experimental diets for olive flounder

(%, dry matter basis).

Experimental diets

Ingredients PBM9+
PBMO PBM3 PBM6 PBM9 PBM12 PBM15
Taurine
Chile fish meal 48.0 44.4 40.8 37.2 33.6 30.0 37.2
Pig bristle meal 0.00 3.00 6.00 9.00 12.0 15.0 9.00
Soybean meal 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Corn gluten meal 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Wheat flour 26.5 26.5 26.5 26.5 26.5 26.5 26.5
Fish oil 4.00 4.40 4.80 5.20 5.60 6.00 5.20
Mineral Mix* 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin Mix? 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Starch 3.00 2.01 2.02 2.03 2.04 2.05 1.03
Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Lysine 0.00 0.10 0.20 0.30 0.40 0.50 0.30
Methionine 0.00 0.03 0.06 0.09 0.12 0.15 0.09
Histidine 0.00 0.05 0.10 0.15 0.20 0.25 0.15
MCP 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Taurine 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Proximate composition
Moisture 6.84 7.00 7.16 7.53 7.15 8.03 7.82
Crude protein 49.1 49.3 49.9 50.1 49.5 49.7 50.4
Crude lipid 9.4 9.6 9.8 9.9 10.1 10.3 9.9
Ash 10.7 7.39 10.7 10.4 10.4 10.5 10.5

! Mineral premix (g kg™ of mixture): MgS0O,.7H,0, 80.0; NaH,P0,.2H,0, 370.0; KCI, 130.0;
Ferric citrate, 40.0; ZnS0,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICl;. 6H,0, 0.15;

Na,Se,03, 0.01; MnSO,.H,0, 2.0; CoCl,.6H0, 1.0.

2Vitamin premix (g kg™ of mixture): L-ascorbic acid, 121.2; DL-a. tocopheryl acetate, 18.8;

thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-p-

pantothenate, 12.7; myo-inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-aminobezoic acid,

18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.
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Figure 2-2. Steps showing for checking growth performance
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Condition factor (CF) = 100 x fish weight (g)/fish length® (cm);
Hepatosomatic index (HSI) = 100 x (liver weight/body weight);

Viscerasomatic index (VSI) = 100 x (viscera weight/body weight).
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Table 2-2. Growth performance of olive flounder (Initial BW: 10.4 g) fed the seven experimental diets for 8 weeks.

FBW! WG? FCR® SGR* PER® Survival (%)

PBMO 22.3+2.96° 114+28.5% 1.54+0.34° 1.51+0.26% 1.37+0.33% 92.2+10.7
PBM3 22.5+1.61° 117+15.4% 1.53+0.29° 1.54+0.14% 1.36+0.232 97.8+3.85
PBM6 22.0+0.82° 112+7.78% 1.54+0.17° 1.50+0.07°2 1.32+0.15% 96.7+5.77
PBM9 20.2+0.16° 93.8+1.50° 1.80+0.04° 1.32+0.02° 1.11+0.02% 83.3+20.8
PBM12 19.6+0.12% 89.0+1.11% 1.94+0.04%® 1.27+0.01%® 1.04+0.02%® 100+0.00
PBM15 16.9+0.63° 63.0+5.94° 2.69+0.16°" 0.98+0.07° 0.75+0.04° 93.3+5.77
PBM9+ ,

o 20.8+0.512 99.5+5.092 1.65+0.11°2 1.38+0.05% 1.21+0.08° 97.8+3.85

aurine

Mean values of triplicate groups, values are presented as mean + SD. Values in the same column having different superscript letters are significantly
different (P< 0.05).

'FBW: final body weight (g)

“Weight gain (%) = 100 x (final mean body weight — initial mean body weight)/initial mean body weight

3Feed conversion ratio = dry feed fed / wet weight gain

*Specific growth rate (%) = [(log. final body weight - log, initial body weight)/days] x 100

*Protein efficiency ratio = wet weight gain / total protein given

®Survival (%)
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Table 2-3. Blood parameters of olive flounder fed the seven experimental diets for 8 weeks.

Hematocrit" Hemoglobin? AST?

PBMO 25.2+£1.02 2.68+1.22 44.4+9.66°
PBM3 25.1£3.56 2.61x0.72 56.8+6.79°
PBM6 23.2£1.17 2.20£0.58 43.7+6.58°
PBM9 22.912.04 2.62+0.38 81.5+10.1°
PBM12 22.1+1.68 2.04+£0.41 58.6+9.32%
PBM15 20.2+2.83 1.96+0.21 50.2+6.90°
PBMO+ i

) 20.2+0.96 1.91+0.50 61.7+£3.00°
Taurine

Mean values of triplicate groups are presented as mean + SD. Values in the same column
having different superscript letters are significantly different (P< 0.05).

'Hematocrit (%)

?Hemoglobin (g/dL)

$Aspartate aminotransferase (U/L)

27



Table 2-4. Non-specific immune response parameters of olive flounder fed the seven

experimental diets for 8 weeks.

NBT! Lysozyme® Ig® MPO*

PBMO 0.46x0.15 65.1£9.21* 15.3+£2.86 1.79+0.37
PBM3 0.40%0.10 62.2+7.70® 20.5+1.76 2.13+0.34
PBM6 0.49+0.12 70.7£2.03° 17.9£1.31 1.30£0.41
PBM9 0.49+0.15 73.3+5.47° 15.05.04 1.22+0.38
PBM12 0.44%0.10 71.4%5.97° 15.5+2.21 1.47£0.41
PBM15 0.50£0.15 51.1+11.1° 15.8+2.39 1.39+0.60
PBM9+
Tauri 0.45+0.10 68.2+4.21° 17.8+4.51 1.59+0.45

aurine

Mean values of triplicate groups are presented as mean £ SD. Values in the same column
having different superscript letters are significantly different (P< 0.05)

'Nitro blue tetrazolium activity (absorbance)

“Lysozyme (ug mi™)

SImmunoglobulin (mg mI™ protein)

*Myeloperoxidase activity
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Table 2-5. Visceral parameters and goblet cell of olive flounder fed the seven experimental

diets for 8 weeks.

CF! VS| HSI® Gc*
PBMO 0.83+0.10 4.80+0.55 0.85+0.24 28+7.02%
PBM3 0.80+0.05 5.73+0.66% 0.74+0.15 21+2.12%
PBM6 0.86+0.06 5.25+0.40% 0.94+0.42 27+5.59%
PBM9 0.93+0.08 5.98+0.59° 1.16+0.20 15+2.65°
PBM12 0.85+0.06 5.59+0.47% 0.95+0.32 12+1.00°
PBM15 0.85+0.16 5.78+0.53° 1.02+0.26 10+2.65°
PBM9+ . .
o 0.83+0.05 5.68+0.56% 0.95+0.10 20+4.88"
aurine

Values are mean of triplicate groups and presented as mean + S.D. Values with different
superscripts in the same row are significantly different (P < 0.05).

'Conditional factor; CF= (Fish weight/ Fish length®)*100 (g cm™)

2Viscera index; VSI= (Viscera weight/Fish weight)*100

*Hepatosomatic index; HSI= (Liver weight/ Fish weight)*100

“Goblet cell; GC
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Figure 2-3. Changes in number of goblet cells in the intestine of olive flounder fed the seven
experiment diets for 8 weeks; Control (A), PBM3 (B), PBM6 (C), PBM9 (D), PBM 12 (E),

PBM15 (F) and PBM 9+Taurine (G)
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Table 3-1. Proximate composition and amino acid profile of ingredients used in trial.

Ingredients
Fish meal Soybean meal Wheat flour Pig bristle meal

Proximate analysis (%, DM)
Crude protein 70.6 55.22 19.3 79.0
Crude lipid 9.5 1.58 3.9 2.7
Ash 16.4 6.82 2.2 14.2

Essential amino acids (% in protein)
Arg 6.1 7.6 5.7 6.3
His 2.8 2.8 2.9 2.3
lle 4.1 3.3 2.3 4.4
Leu 7.6 7.5 6.0 8.5
Lys 8.5 6.5 3.7 9.9
Met+Cys 4.8 2.4 2.8 3.9
Phe+Tyr 8.3 8.2 6.8 8.5
Thr 4.8 4.4 3.5 4.6
Val 51 3.3 3.2 4.9
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Table 3-2. Major fatty acid composition (% of total fatty acids) of dietary lipid sources.

Lipid sources

Squid liver oil Soybean oil Linseed oil
C14:0 2.6 0.1 0.1
C16:0 13.5 134 6.1
C16:1 4.3 - -
C18:0 1.7 1.5 1.2
C18:1n-9 16.6 13.0 15.2
C18:2n-6 1.0 63.7 19.1
C18:3n-3 1.0 8.3 57.7
C20:1n-9 111 - 0.6
C20:2n-6 1.7 - -
C20:3n-3 0.3 - -
C20:4n-6 0.6 - -
C20:5n-3 11.3 - -
C22:1n-9 74 - -
C22:3n-3 0.6 - -
C22:5n-3 1.2 - -
C22:6n-3 25.1 - -
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Table 3-3. Formulation and composition of the six experimental diets for common carp (%,

dry matter basis).

Experimental diets

Ingredients
PBMO PBM4 PBM8 PBM12 PBM16 PBM20
Fish meal’ 35.0 30.0 25.0 20.0 15.0 10.0
Dehulled soybean 10.0 10.0 10.0 10.0 10.0 10.0
Wheat flour 40.0 415 43.0 44.5 46.0 475
Pig bristle meal 0.00 4.00 8.00 12.0 16.0 20.0
Fish oil 0.00 0.40 0.80 1.20 1.60 2.00
Soybean +linseed oil 4.00 4.00 4.00 4.00 4.00 4.00
Kelp meal 2.00 2.00 2.00 2.00 2.00 2.00
cellulose 5.30 4.40 3.50 2.60 1.70 0.80
Vitamin premix? 1.00 1.00 1.00 1.00 1.00 1.00
Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00
Stay-C (50%) 0.30 0.30 0.30 0.30 0.30 0.30
Vitamin E (25%) 0.20 0.20 0.20 0.20 0.20 0.20
Choline salt(50%) 0.20 0.20 0.20 0.20 0.20 0.20
Cr,0; 1.00 1.00 1.00 1.00 1.00 1.00
Nutrient contents (%, DM)
Crude protein 38.2 38.0 38.1 37.9 37.8 37.3
Crude lipid 7.3 7.8 8.1 8.1 8.3 7.6
Ash 9.8 9.5 9.2 9.0 8.9 8.7

'Fish meal: Anchovy, Chile

2Viitamin premix contained the following amount which were diluted in cellulose (g/kg

premix): DL-tocopheryl acetate, 14.5 thiamin hydrochloride, 2.1 riboflavin, 7.0 pyridoxine
hydrochloride, 1.4 niacin, 27.8 Ca-D-pantothenate, 9.7 myo-inositol, 139.1 D-biotin, 0.21

folic acid, 0.5 p-aminobenzoic acid, 13.9 menadione, 1.4 retinyl acetate, 0.6 cholecalciferol,

0.002 cyanocobalamin, 0.003.

*Mineral premix contained the following ingredients (g/kg premix): MgSO4 -7H2 O, 80;
NaH2PO4 -2H2 O, 370; KCI, 130; Ferric citrate, 40; ZnSO4 -7H2 O, 20; Ca-lactate, 356.5;
CuCl, 0.2; AICI3 -6H2 O, 0.15; KI, 0.15; Na2 Se2 O3, 0.01; MnS0O4 .H2 O, 2; CoCI2 -6H2

O, L
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mx0.25 mm i.d., film thickness 0.20 m; Supelco, Bellefonte, PA, USA)°] -2+ gas

liquid chromatography (Clarus 600, GC, PerkinElmer, Shelton, CT, USA)Z 4] &} 31 T}

2.36. BA%A £4

A7 2 B4 A 3= SPSS for Window (SPSS Inc., 1993) program ©.%2 ANOVA-
test = 2AA|3}o] Duncan’s multiple range test (Duncan, 1955)% 7+

o4 (P<0.05)S HABHST
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Table 3-4. Growth performance of common carp (Initial BW: 3.7 g) fed the experimental diets for 8 weeks.

WG FE? DFP? DPI* PER® Survival (%)
PBM 0 165+4.27° 71.0+3.87° 2.1+0.1% 0.81+0.04% 1.9+0.10° 99+1.0
PBM 4 124+6.28%® 59.4+3.36% 2.1+0.05% 0.82+0.02° 1.6+0.09" 100+0.00
PBM 8 115+2.98" 58.8+2.17% 2.1+0.07% 0.79+0.03? 1.5+0.06™ 100+0.00
PBM 12 116+17.0" 62.1+2.37%® 1.8+0.06" 0.67+0.02° 1.6+0.06% 93+6.6
PBM 16 85.7+6.21% 50.4+4.27° 2.0+0.07° 0.75+0.03%® 1.3+0.11% 100+0.00
PBM 20 75.9+9.42° 42.0+4.13° 2.2+0.02? 0.81+0.01% 1.1+0.11° 100+0.00

Mean values of triplicate groups, values are presented as mean + SD. Values in the same column having different superscript letters are significantly

different (P< 0.05).
"Weight gain=(final fish wt.-initial fish wt.)x 100/initial fish wt.

’Feed efficiency=fish wet weight gainx 100/ feed intake (dry matter).
*Daily feed intake=feed intake (dry matter)x100/[(initial fish wt.+final fish wt.+dead fish wt.)/2xdays fed].

*Daily protein intake=protein intakex 100/[(initial fish wt.+final fish wt.+dead fish wt.)xdays reared/2].

*Protein efficiency ratio = fish wet weight gain/protein intake.

®Survival (%)
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Table 3-5. Whole body composition of common carp (IBW: 3.7 g) fed the experimental diets

for 8 weeks(%, dry matter basis).

Diets Moisture Crude protein Crude lipid Ash

PBMO 7420124 13.10 £ 0.2 7.35+£1.0 2.40 +0.1*
PBM4 73.95+0.5 13.95+0.4° 7.20£0.2 2.65 +0.05°
PBMS8 75.80 £2.6 12.90 +0.9% 7.20£1.7 2.45 +0.05™
PBM12 77.15+0.6 12.15+0.2° 8.25+1.2 2.20 +0.10°
PBM16 74.15 0.0 13.40 £0.5% 9.05+0.1 2.50 +0.00™
PBM20 75.50 0.3 12.50 +0.0% 7.70 £0.9 2.40 +0.00®

Mean values of triplicate groups, values are presented as mean + SD. Values in the same
column having different superscript letters are significantly different (P< 0.05).
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Table 3-6. Blood parameters of common carp fed the six experimental diets for 8 weeks.

Total Protein® Cholesterol? ALT? Triglyceride* Bilirubin® Albumin®
PBMO 2.7+0.05% 149+0.0 9.0+0.0° 16427.0 0.6+0.00° 0.5+0.00
PBM4 2.9+0.15% 167+12 13.5+ 3.5% 158+9.0 1.1£0.35® 0.7£0.15
PBMS 2.8+0.30™ 165+24 11.0£1.0® 174495 1.0+ 0.05% 0.8+0.25
PBM12 2.8+0.00™ 144+20 14.0£3.0® 145+6.5 1.1+0.20* 0.8+0.15
PBM16 3.1+0.00° 163+2.5 17.0£1.0° 14412 1.4+0.00° 0.8+0.05
PBM20 2.5+0.00° 132+11 8.0£2.0° 149+13 0.9+0.05® 0.5+0.10

Mean values of triplicate groups, values are presented as mean + SD. Values in the same column having different superscript letters are significantly
different (P< 0.05).

Total protein (g/dl)

“Cholesterol (mg/dl)

SALT (U/L)

*Triglyceride (mg/dl)

*Bilirubin (mg/dl)

¢Albumin (g/dl)
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Table 3-7. Apparent digestibility coefficients (%, ADC) of dry matter and crude protein in

the test diets determined by fecal collection method (Guelph system) for common carp.

Diets Dry matter Crude protein
PBMO 62.0+0.2° 77.2+0.1°
PBM4 66.4+0.4° 78.1+0.5°
PBMS 69.9+0.1° 80.0+0.1'
PBM12 54.9+0.2° 68.2+0.2°
PBM16 54.9+0.2° 67.3+0.4°
PBM20 55.9+0.2° 66.4+0.4°

Mean values of triplicate groups, values are presented as mean + SD. Values in the same

column having different superscript letters are significantly different (P< 0.05).
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