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Summary

This study was conducted to determine the potential nutritional value of differently heat-treated (121°C 10, 20, 30 min) culban
(Vicia peregrina) seed at different levels (0, 20, 30, 40%) in diet as a plant protein source for mirror carp (Cyprinus carpio). Fish fingerlings
were randomly allocated at a stocking rate of 12 fish per aquaria with three replicate aquariums under each dietary treatment. The
fish were hand fed twice a day at 8.30 am and 16.30 pm at 3% of their body weight during the experimental period of 60 days. The
fish fed experimental diets grew from an initial body weight of 7 g to final body weight of 20 g for rearing during the course of
the experiment. Growth parameters, feed utilization and whole body proximate composition were found similar in all experimental
groups. It is concluded that heat-treated culban seed can be successfully used as an inexpensive plant protein source a level of 40%
(121°C 10-30 min) in mirror carp diets without adverse effect on fish performance.
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Farkli Siirelerde Isitilmis Culban (Vicia peregrina) Tohumuyla
Beslenen Aynali Sazanlarda (Cyprinus carpio) Bliyiime
Performansi ve Viicut Kompozisyonu

Ozet

Bu calisma, bitkisel protein kaynagi olarak farkli seviyelerde (%20, 30, 40) aynali sazan diyetlerine, farkli siirelerde isitilarak (121°C'de
10, 20, 30 dk) katilmis culbanin (Vicia peregrina) besin dederinin belirlenmesi amaciyla diizenlenmistir. Baliklar rastgele her akvaryuma
12 adet ve 3 tekerrirli olarak stoklanmistir. Baliklar glinde iki kez sabahlari 8.30, aksamlari ise 16.30'da viicut agirliginin %3'l oraninda
60 giin sureyle elle yemlenmistir. 60 glinlik deneme siiresince baliklar 7 g'dan 20 g agirliga ulamiglardir. Bitlin deneme gruplarinda,
blyime parametreleri, yem tlketimi ve tiim balik viicut kompozisyonlari bakimindan benzer bulunmustur. Sonug olarak ucuz bir
bitkisel protein kaynadi olarak isitilmis culbanin (121°C 10-30 dk) yemlerde %40 oraninda katilmasi balik performansina herhangi bir
olumsuz etki géstermedigi belirlenmistir.

Anahtar sozciikler: Aynali sazan, Cyprinu carpio, Culban, Vicia peregrina, Biiylime

INTRODUCTION

Research investigating cheaper alternative protein  protein for commercial feed formulations. Meals made from
and energy feedstuffs for the development of low-cost peas are intermediate in terms of both a good energy
pelleted feeds suitable for use by the small-scale farmers  source and a reasonable amount of protein to the ration .
has become priorty in developing countries. Locally avail-  However, inclusion levels in feed formulations needs to
able plants are often less expensive sources of energy and  be tempered by cost, processing consideration, nutrient
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availability as well as palatability of the meal to target
species. As a result, information related to nutrient
availability and the biological response of the target
species is essential to the successful utilization of a given
ingredient 2. Alternative plant >*> and animal proteins ¢’
have been studied by fish nutritionists and feed industries.
Grain legumes have no been extensively used in fish feeds,
although they represent a good source of dietary protein
and energy 8. The acceptability of grain legumes such as
lupin '°, Cassia fistula ", Vicia peregrinea '?, feed pea '3,
Sesbenia aculeate '*, Vicia narbonensis ', Pisum elatius '°,
Lathyrus sativus .

The use of grain legumes in aquaculture diets
is potentially restricted by inadequacies in protein
composition, relatively high levels of carbohydrates,
the presence of anti-nutritional factors, and/or reduced
palatability '8'°. Trypsin inhibitors are generally considered
as the most important anti-nutritional factor in plant
proteins. Triypsin inhibitors and some other anti-nutritional
factors are heat lable and are inactive by heat treatments .
In general, the extent to which trypsin inhibitor is destroyed
by heating, particle size and moisture conditions 2'. At
100°C, however, nearly all of the trypsin inhibitor activity
is destroyed after 10 min 22 Culban (Vicia peregrina), a pea
is a legume crop widely available and abundant in region
of south Mediterranean of Turkey. Its seeds contain 25%
protein with a partially balanced amino acid and fatty acid
profile (Table 1). Little is known about the dietary effects of
duration of heat treatment of culban seed meal in mirror
carp. Buyukcapar and Kamalak ' who stated that raw and
heated (only 121°C 10 min) culban could be supplemented
up to levels of 10 and 30% respectively. Optimization of
heat treatments is necessary because over processing
reduces protein availability 2. This study was conducted
to determine the effects of duration of heat treatment of
culban seed at different levels in diet as a plant protein
source for mirror carp (Cyprinus carpio).

MATERIAL and METHODS

Mirror carp (Cyprinus carpio) fingerlings were obtained
from the brood stock maintained at the State Hydraulic
Works in Adana, Turkey. The fish (about 5 g) were transferred
to the Department of Fisheries, Faculty of Agriculture,
University of Kahramanmaras Sutcu Imam. Mirror carp
reared and acclimatized for 10 days in a 250-L fiberglass
tank at 28.2+0.2°C. During this period they were fed
with a diet containing approximately 350 g/kg protein,
80 g/kg lipid, 7 g/kg ash and energy content of 13.54
MJ/kg dry matters until they reached a body weight of
approximately 7 g.

Fish fingerlings were randomly allocated at a stocking
rate of 12 fish per aquaria with three replicate aquariums
under each dietary treatment. The fish were hand fed twice
a day at 8.30 am and 16.30 pm at 3% of their body weight

during the experimental period of 60 days. They were
individually weighed at the beginning of the experiment
(day 0) and at day 20 40, and 60. At the beginning of the
experiment 10 fish from the same stock were sampled
to determine the whole body composition. At the end
of the experiment, 5 fish per aquarium were sampled to
determine the whole body composition in groups. Heated
culban was included in the diets at different levels (0, 200,
300, 400 for diets Control, Ht, Ht; and Ht,, respectively).
The growth parameters of fish fed the experimental diets
were compared to fish fed a fish meal and soyabean meal
based control diet. The control diet contained 40% fish
meal and 15% of soybean meal as main protein sources.

In a recirculation system containing a set of aquaria,
each with a capacity of approximately 80-L and water
depth 50 cm, water quality was monitored throughout
the experiment. Temperature, pH and dissolved oxygen
were recorded daily. Mean temperature, pH and dissolved
oxygen were 27.1+0.02°C, 7.5+0.08 and 6.9+0.05 mg L.
respectively. Water quality was controlled by biologic filter
and electronic heater. Water was re-circulated through the
filter at a rate of 5 L/min. Additional aeration was provided
by an air pump.

Culban seed was sun dried and ground into powder
to pass a 1 mm sieve. Ground culban was heat-treated
in autoclave at 121°C for 10, 20, 30 min to eliminate the
possible detrimental effect of anti-nutritional factors .
The chemical composition of Fish meal, soybean meal, and
culban are given in Table 1.

Growth performances were evaluated by body weight
gain (BWG), feed conversion ratio (FCR), feed intake (g) per
fish (F), specific growth rate (SGR %) and protein efficiency
ratio (PER).

Body weight gain (BWG) (g) = [final body weight (W,) (g) - initial
weight (W) (9)]

Feed conversion ratio (FCR) = [dry feed consumed (g)/live body
weight (g)]

Specific growth rate (SGR %) = [(In"W_-InW,)/ days] X 100

Feed intake (g) per fish = [Total feed consumption (g) per
aquarial/(number of fish per aquaria)

Protein efficiency ratio (PER) = [body weight gain (g)/protein
fed (g)]

In the feeding experiment fish meal was replaced with
heat-treated culban on a dry matter basis to maintain
crude protein and energy levels. The composition of the
experimental diets is given in Table 2.

Ingredients were mixed, formed into a moist pellet
about 2 mm in diameter and then dried in a forced-air
oven at 45°C. Ten isonitrogenous and isoenergetic diets
were formulated to evaluate nutrition value of heated
culban for carp fingerling (Table 2). Culban, experimental



391
BUYUKCAPAR

Table 1. Proximate compositions, amino acids and fatty acids profiles and condensed tannin amount (on as dry basis) in culban seed meal

Tablo1. Culban tohumu ununun kimyasal kompozisyonu, aminoasit ve yag asit kompozisyonu ve Kondense tanin miktari (kuru maddede)

Items Amount Fatty acids (%) Amount
Proximate composition (g/kg)
Crude protein 253.1 (C14:0) 0.58
Crude fat 15.3 (C15:0) 0.25
Dry matter 930.2 (C15:1) 0.12
Crude ash 38.9 (C16:0) 10.64
Fiber 80.0 (C16:1) 0.24
Essantial amino acids (g/kg) (C17:0) 0.26
Methionine 10.8 (C17:1) 0.11
Valine 10.6 (C18:0) 494
Isoleucine 9.5 (C18:1n9¢) 16.36
leucine 16.8 (C18:2n6¢) 51.58
Tyrosine 6.4 (C20:0) 1.31
Phenylalanine 10.1 (C18:3n3) 6.41
Histidine 14.9 C20:1n9) 0.13
Lysine 16.3 (C21:0) 0.29
Threonine 8.8 (C20:2) 0.25
Non-essantial amino acids (g/kg) (C22:0) 0.49
Alanine 10.0 (C22:1n9) 0.48
Aspartic Acid 36.4 (C23:0) 0.18
Glutamic acid 40.2 (C24:0) 0.33
Glycine 8.4 (C24:1n9) 0.13
Proline 9.7 Undefined FA (%) 4.49
Serine 1.7 Saturated FA (%) 19.36
Hydroxiproline 0.0 Monounsaturated FA (%) 17.62

Polyunsaturated (%) 58.54
Antinutritional factor

Raw Heated (10 min) Heated (20 min) Heated (30 min)

Condensed Tannin (g/kg) 15.3 7.8 7.9 7.6

diets and fish samples were analyzed for their proximate
composition according to the methods of AOAC #. Table
2 shows the formulation, proximate composition of the
10 diets. Condensed tannin was determined by butanol-
HCl method as described by Makkar et al.?. Amino acids
composition of culban was determined by GC-ID at
Scientific and Technology Research Council of Turkey (MAM)
using Phenomox EZ Feast GC-FID Hydrolyzed Amino acid
analyses Kit. Fatty acids analysis was performed on culban
seed meal. The fatty acids in the total lipids were saponifed
into the free form by saponification with 0.5 N methanolic
NaOH, followed by esterification with 14%BF; (w/v) in
methanol. All samples were analysed using using a Thermo
quest Trace gas chromatograph equipped with a Supelco-
SP-2330 fused-silica capillary column (30 m x 0.25 mm i.d.,
0.20 um film thickness of polyethylene glycol) (Supeco
Inc., Bellefonte, PA, USA) and a Flame-lonization Detector
(FID). Helium (30 mL/min) was used as the carrier gas.
The samples were injected at 120°C. After 2 min the

temperature was raised at 5°C min™' to 220°C, where it was
kept for 8 extra min. The temperatures of the injector and
the detector were set 240 and 250°C, respectively The fatty
acids methyl esters were identified by comparison of their
retention times with those of chromatographic standards
(Sigma Chemical Company; the fatty acid methyl mixture
No. 189-19). The analyses were carried out in duplicate.

A completely randomized design was adopted with
three replicates per diets. One-way analysis of variance
(ANOVA) was carried out to determine the effect of diets
on growth and whole body composition parameters using
General Linear Model (GLM) of Statistical for windows (1993).
Significance between individual means was identified using
the Duncan’s multiple comparison tests. Mean differences
were considered significant at P<0.05.

One-way analysis of variance (ANOVA) was applied to
determine whether the effects of the diets on growth and
whole body composition parameters using SPSS 11 for
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Table 2. Formulation and proximate composition of experimental diets

Tablo 2. Deneme diyetlerinin kimyasal kompozisyonu ve formtilasyonu

Dose of Culban Dose of Culban Dose of Culban
Ingredients (g/kg) 200 g/kg (20%) 300 g/kg (30%) 400 g/kg (40%)
Duration Duration Duration
Control 10 min 20 min 30 min 10 min 20 min 30 min 10 min 20 min 30 min
Fish Meal 400 360 360 360 340 340 340 320 320 320
Soybean meal 150 150 150 150 150 150 150 150 150 150
Culban 0 200 200 200 300 300 300 400 400 400
Maize flour 367 202 202 202 122 122 122 42 42 42
Sunflower oil 72 77 77 77 77 77 77 77 77 77
DCP? 1 1 1 1 1 1 1 1 1 1
Vit-min? 5 5 5 5 5 5 5 5 5 5
Salt 1 1 1 1 1 1 1 1 1 1
Methionine 2 2 2 2 2 2 2 2 2 2
Lysine 2 2 2 2 2 2 2 2 2 2
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Composition (g/kg)
Crude protein 380.01 389.2 389.2 389.2 394.5 394.5 394.5 399.5 399.5 399.5
Crude Fat 131.67 129.38 129.38 129.38 125.79 125.79 125.79 1223 1223 122.3
Crude ash 65.22 66.33 64.3 65.4 66.8 65.9 66.45 64.5 63.4 65.6
Crude fibre 40.36 42.96 42.96 42.96 44.46 44.46 44.46 45.9 45.9 45.9
Dry Matter 892.5 889.2 888.5 888.4 890.4 889.3 892.1 890.9 891.2 889.5
Gross energy (MJ/kg)? 19.9 20.0 20.0 20.0 19.9 19.9 19.9 19.9 19.9 19.9
! Di calcium Phosphate
2 Per 5 kg vitamin-mineral premix: 20.000.000 IU vitamin A, 2.00.000 IU vitamin D,, 200.000 mg vitamin E, 12.000 mg vitamin K;, 20.000 mg vitamin B,,
30.000 mg vitamin B,, 200.000 mg niacin, 50.000 mg Ca-panthothenate, 20.000 mg vitamin B, 50 mg vitamin B;, 500 mg D-biotin, 1.200 mg folic acid,
200.000 mg vitamin C and 300.000 mg inositol.1.200.000 mg cholin chloride, 40.000 mg manganese, 30.000 mg Zinc, 800 mg Copper, 1.000 mg iodine, 150
mg Selenium, 40.000 mg magnesium.
3 Gross energy was estimated using the following coefficients: 23.6 KJ/g for crude protein; 39.5 KJ/g for crude fat and 17.2 KJ/g for carbohydrates (NRC, 1993)

windows Significance differences between individual means
were evaluated using the Duncan’s multiple comparison
tests when a significant (P<0.05) effect was detected.

RESULTS

All fish grew normally and no specific signs of disease
were observed throughout the experiment period. Fish
weight increased over three fold at the end of the feeding
trial of 60 days (Table 3). All diets were accepted equally
well by the fish.

Final weight among experimental groups varied from
21.9-18.77 g, specific growth rate from 1.65-1.88%, feed
conversion rate from 1.36-1.54 and protein efficiency ratio
from 1.90-1.71 (Table 3). However, in terms of both growth
parameters and feed utilization, no significant differences
were found among the experimental groups (P>0.05).

The effect of diets on the whole body composition of
mirror carp (Cyprinus carpio) fingerlings at the end of the
feeding trials are given in Table 4. The final protein, fat, ash

and DM contents of fish were higher than the initial levels.
No significant differences among the experimental groups
(Table 4).

DISCUSSION

The critical levels of dietary peas which retard growth
have been determined to range 9.7-30 in various fish
species 111215172725 Higher inclusion level (40%) of culban
in the study was used. The reason of this can be caused
by several factors; processing technology of dietary
feed material is very important as it may have strong
effects on some antinutritional components and nutrient
digestibility of fish diets. Yanar et al.” who found similar
result with ours but in different fish species, declared
that the use of culban up to a level of 30% in tilapia diet
was due to heating processes (121°C 10 min) of culban.
Elevated levels of dietary cellulose have been reported to
affect adversely nutrient digestibility 3° and growth 3' in
fish. However, since culban contains relatively low level
(8%) of cellulose, cellulose amount among experimental



393
BUYUKCAPAR

Table 3. Growth parameters of mirror carp obtained in Experiment (n

Tablo 3. Denemede saptanan aynali sazana ait biiyiime parametreleri (i

Dose of Culban Dose of Culban Dose of Culban

Parameters 200 g/kg (20%) 300g/kg (30%) 400 g/kg (40%)
Duration Duration Duration
Control 10 min 20 min 30 min 10 min 20 min 30 min 10 min 20 min 30 min

Initial weight (g)* 7.18+£0.38 7.12+0.41 | 7.15£0.39 | 7.06+0.38 | 7.17+0.47 | 7.19+0.44 | 7.16+£0.40 | 7.19+£0.44 | 7.15+0.46 | 7.19+0.42
Final weight (g)* 20.63°+2.62 |20.36°+2.33|20.14°+3.23 | 21.9°£2.42 | 21.10+2.85 | 20.15+3.03 | 20.94+2.53 | 20.84+2.82 | 18.77+2.88 | 19.68+2.77
Body weight gain (g)* 13.45+0.87 | 13.24£0.92 | 12.99+0.41 | 14.85+£0.72 | 13.92+0.94 | 12.95+0.79 | 13.78+0.15 | 13.64+0.49 | 12.12+0.50 | 12.49+0.81
Feed intake (g)* 18.88+3.95 | 18.99+3.98 | 18.97+3.97 | 19.11+3.99 | 19.13+4.00 | 18.72+3.91 | 18.99+3.97 | 18.77£3.93 | 19.2+4.01 | 18.82+3.93
Feed conversion ratio* 1.42+0.12 1.44£0.09 | 1.46+0.06 | 1.36+0.06 | 1.38+0.10 | 1.45+0.08 | 1.37+0.05 | 1.37£0.01 | 1.54+£0.07 | 1.52+0.10
Specific growth rate (%)* | 1.75+0.11 1.74£0.05 | 1.72+0.07 | 1.88+0.13 | 1.79+0.12 | 1.71+0.06 | 1.78+0.05 | 1.77+0.09 | 1.65+0.09 | 1.67+0.12
Protein efficiency ratio* 1.76+0.14 | 1.79+0.06 | 1.77+0.09 | 1.90+0.12 | 1.86+0.15 | 1.77+0.04 | 1.85+0.13 | 1.80+0.07 | 1.71+0.12 | 1.73+0.13
Survival rate (%) 100 100 100 100 94 96 100 98 94 100
* All between-group differences were not significant (P>0.05)

Table 4. The whole body composition analyses (%) (on wet weight basis) of mirror carp fed test diets (n = 15)

Tablo 4. Deneme diyetleriile beslenen aynali sazanin tiim viicut kompozisyonu

(%) (yas maddede) (n = 15)

Dose of Culban Dose of Culban Dose of Culban
Parameters 200 g/kg (20%) 300g/kg (30%) 400 g/kg (40%)
Duration Duration Duration
Initial Control 10 min 20 min 30 min 10 min 20 min 30 min 10 min 20 min 30 min
Protein* 9.37+£0.32 | 13.79+0.28 | 13.83+0.37 | 14.15+0.18 | 14.38+0.39 | 14.65+0.35 | 14.20+0.42 | 13.86+0.30 | 14.16+0.56 | 14.58+0.19 | 13.87+0.24
Fat* 3.57+0.19 | 6.78+0.11 |7.010£0.45 | 6.99+0.15 | 6.89+0.27 | 6.52+0.36 | 6.69+0.42 | 6.83+0.36 | 6.62+0.23 | 6.64+0.17 | 6.5+0.33
Ash* 2.07+0.18 | 2.38+0.14 | 2.28+0.10 | 2.42+0.24 | 2.30+0.12 | 2.9+0.03 | 2.22+0.07 | 2.59+0.02 | 2.23+£0.10 | 2.69+0.11 | 2.72+0.24
DMm* 19.02+0.90 | 27.32+0.88 | 27.41+£0.49 | 27.12+0.88 | 27.29+0.69 | 26.55+0.50 | 26.88+0.90 | 26.46+0.56 | 28.20+0.51 | 26.47+.065 | 28.34+0.72
* All between-group differences were not significant (P>0.05)

diets showed a little change (from 4-4.5%). Moreover, as mirror
carp has a relatively long digestive tract which may allow for
more efficient digestion of plant ingredients, this fish could
easily tolerate this increase in cellulose level in the diets .

It would be essential to present sufficient information
about anti-nutritive factors in culban seed to allow
adequate interpretation of the result and comparison to
the other research. This is particularly important in the current
experiment. However, no information is available on anti-
nutritive factors except for condensed tannin in the culban
seed used in this experiment. The growth performance
of mirror carp fingerlings fed diets containing up to 40%
of heat-treated culban was comparable with control diets
(Table 3) possible due to reduction in condensed tannin in
culban by heat treatment (Table 7). Makkar et al.>?indicated
that the presence of tannin and trypsin growth inhibition
was related to their lower nutritive value. Although peas are
considered to contain relatively low levels of anti-nutritive
factors, performance of the fish could nevertheless be
impaired by them 3. Extrusion decreases the efficiency of
the majority of these 3.

In the present study, results of proximate composition
analysis indicated that protein, lipid, moisture and ash in
whole body of mirror carp were not affected by the dietary
inclusion of culban seeds. Similarly, many researchers
reported that addition of plant protein sources in fish diets
did not affect generally proximate composition of fish
body 1,35—37.

Culban has been used in mirror carp diets by
Buyukcapar and Kamalak ' who stated that heated (only
121°C 10 min) culban could be supplemented up to level
of 30% in mirror carp diets. However, the present results
indicate that heated culban can be successfully used as an
alternative plant protein source a level of 40% in mirror
carp diets without adverse affects on growth or feed
utilization. Based on the positive results of these studies
fish feed industry can be encouraged to evaluate the use
of pea meals in trial formulations and long term growth
trials. However, because culban inclusion over 40% levels
in diets was not tested in this study, additional experiments
are required to test over the tested level.



394
Growth Performance and ...

REFERENCES

1. Yanar M, Biiyiikcapar HM, Ercen Z, Erdogan E: The evaluation of
heated culban, Vicia peregrina as a partial replacement for fish meal in
diets of Nile tilapia, Oreochromis niloticus. JAVA, 9 (6):1088-1093, 2010.

2. Davis DA, Arnold CR, McCallum I: Nutritional value of feed peas
(Pisum sativum) in practical diet formulations for Litopenaeus vannamei.
Aquaculture Nutr, 8, 87-94, 2002.

3. El-Seedy DMS, Gaber MMA: Replacement of fish meal with a mixture
of different plant protein source in juvenile Nile tilapia diets. Aquatic Res,
34,1-9,2003.

4. Biiyliikcapar H.M, Kamalak A: Partial replacement of fish soyabean
meal protein in mirror carp (Cyprinus carpio) diets by protein in hazelnut
meal. SAJAS, 37 (1): 35-44, 2007.

5. Yildinm O, Ergiin S, Yaman S, Tiirker A: Effects of two seaweeds
(Ulva lactuca and Enteromorpho linza) as a feed additive in dets on
growth performence, feed utilization, and body composition of rainbow
trout (Oncorhynchus mykiss). Kafkas Univ Vet Fak Derg, 15 (3): 455-460,
2008.

6. Hu M, Wang Y, Luo Z, Zhao M, Xiong B, Qian X, Zhao Y: Evaluation
pf rendered animal protein ingredients for replacement of fish meal |
practical diets for gibel carp, Carassius auratus gibello (Bloch). Aquatic Res,
39, 1475-1482, 2008.

7. Glimiis E, Erdogan F: Effects of partial substitution of fish meal with
Tuna liver meal on the fatty acid profil of Nile tilapia fry, Oreochromis
niloticus. Kafkas Univ Vet Fak Derg, 16 (Suppl-B): $283-5290, 2010.

8. Siddhuraju P, Becker K: Preliminary nutritional evaluation of mucuna
seed meal (Mucuna pruriens var. utilis) in common carp (Cyprinus carpio L.):
an assessment by growth performance and feed utilisation. Aquaculture,
196, 105-123, 2001.

9.Sudaryona A, Tsvetnenko E, Evans IH: Evaluation of potential of lupin
meal as an alternative to fish meal in juvenile (Penaeus monodon) diets
Aquaculture Nutr, 5, 277-285, 1999.

10.Glencross B, Currow J, Hhawkins W, Kissil G, Peterson D: Evaluation
of the feed value of a transgenic strain of the narrow-leaf lupin (Lupinius
angustifolis) in the diet of marine fish (Pagrus auratus). Aquaculture Nutr.
9,197-206, 2003.

11. Adebayo OT, Fagbenro OA, Jedege T: Evaluation of Cassia fisculata
meal as a replacement for soybean meal in practical diets of Oreochromis
niloticus fingerlings. Aquaculture Nutr, 10, 99-104, 2004.

12. Buyukcapar HM, Kamalak A: Raw and heat-treated culban (Vicia
peregrina) seed as protein source for Mirror carp (Cyprinus carpio)
fingerlings. SAJAS, 36 (4): 235-242, 2006.

13. Borlongan IG, Eusebia P, Welsh T: Potential of feed pea (Pisum
sativum) meal as a protein source in practical diets for milkfish (Chanos
chanos Forsskal). Aquaculture, 225, 89-98, 2003.

14. Hossain MA, Focken U, Becker K: Nutritional evaluation of dhaincha
(Sesbania aculeate) seeds as dietary protein source for tilapia Oreochromis
niloticus. Aquaculture Res, 33, 653-662, 2002.

15. Biiyiikcapar HM, Mezdegi I, Kamalak A: Nutritive value of narbon
bean (Vicia narbonensis) seed as ingredients in practical diet for Tilapia
(Oreochromis niloticus) fingerlings. JAAR, 37, 253-256, 2010.

16. Biiyiikcapar HM, Kamalak A: Nutritive value of wild pea (Pisum
elatius) seeds as dietary protein source for Mirror carp, Cyprinus carpio,
fingerlings. lJA, 62 (4): 272-280, 2010.

17. Ramachandran SA, Bairagi A, Ray AK: Improvement of nutritive
value of grass pea (Lathyrus sativus) seed meal in the formulates diets for
rohu, Lobio rohito (Hamilton) fingerling after fermentation with a fish gut
bacterium. Biosour Technol, 96, 1465-1472, 2005.

18. Gomes EF, Corraze G, Kaushik S: Effects of dietary incorporation

of a co-extruded plant protein (rapessed and peas) on growth, nutrient
utilization and muscle fatty acid composition of rainbow trout (Oncorhynchus
mycoses). Aquaculture, 13, 339-353, 1993.

19. Booth MA, Allan GL, Francis J, Parkinson S: Replacement of fish
meal in diets for Australian silver perch, Bidyanus bidyanus, IV. Effects of
dehulling and protein concentration on digestibility of grain legumes.
Aquaculture, 196, 67-85.2001.

20. Hendrics JD, Bailey GS: Adventitious toxins. In, Fish Nutrition. 2th
ed., pp. 605-651. Academic Press. San Diego, USA, 1989.

21. Liener IE: Implications of antinutritional components in soybean
foods. Critical Reviews in Food Science and Nutrition, 34, 31-67, 1994.

22, Racks TVR, Wolf WJ, Baker EC: Protease in plant foods content
and inactivation. In, Preidman M (Ed): Nutritional and Toxicological
Significance of Enzyme Inhibitors in Foods. pp. 1-120, Plenium Press. New
York, USA, 1986.

23. Adewumi AB, Olaleye V, Adusulu EA: Swim-up fry production in
the African Catfish Clarias gariepinus (Burchell) broodstocks fed with
differently heated soybean-based diets. Aquaculture Research, 17, 543-
540. 2006.

24. Rehman Z, Salariya AM: The effects of hydrothermal processing on
antinutritiens, protein and starch digestibility of food legumes. Int J Food
Sci Technol, 40, 695-700. 2005.

25. AOAC: Official Methods of Analysis. 15th ed., pp. 69-88. Association of
Official Analytical Chemists, Washington, D.C., USA. 1990.

26. Makkar HPS, Blimmel M, Becker K: Formation of complexes
between polyvinyl pyrrolidones or polyethylene glycols and their
implication in gas production and true digestibility in vitro techniques. Br
JNut, 73,897-913, 1995.

27. Hossain MA, Focken U, Becker K: Evaluation of an unconventional
legume seed, Sesbenia aculeata, as a dietary protein source for common
carp, Cyprinus carpio L. Aquaculture 198,129-140, 2001.

28. Hossain MA, Focken U, Becker K: Nutritional evaluation of dhaincha
(Sesbania aculeate) seeds as dietary protein source for tilapia Oreochromis
niloticus. Aquaculture Res, 33, 653-662, 2002.

29. Borlongan IG, Eusebia P, Welsh T: Potential of feed pea (Pisum
sativum) meal as a protein source in practical diets for milkfish (Chanos
chanos Forsskal). Aquaculture, 225, 89-98, 2003.

30. Kirchgessener M, Kiirzinger H, Schwartz FJ: Digestibility of crude
nutrients in different feed sand estimation of their energy contents for
carp (Cyprinus carpio L.) Aquaculture, 58, 185-194, 1986.

31. Dioundick OB, Stom DI: Effect of dietary a cellulose levels on the
juvenile tilapia, Oreochromis mosambicus. Aquaculture, 91,311-315, 1990.

32. Makkar HPS, Singh B, Dawra KK: Tannin nutrient interactions. Inter
JAnim Sci, 2,127-139, 1987.

33. Francis G, Makkar HPS, Becker K: Anti-nutritional factors present
in plant-derived alternate fish feed ingredients and their effects in fish.
Aquaculture, 199, 197-227, 2001.

34. Rumsey GL, Hughes SG, Winfree RA: Chemical and nutritional
evaluation of soybean protein preparations as primary nitrogen sources
for rainbow trout (Oncorhynchus mykiss). Anim Feed Sci Technol, 40, 135-
151, 1993.

35. Francisco-Javier M, Gabriel C, De La Higuera M: Nutritive value
of diets containing high percentage of vegetable protein for trout,
Oncorhynchus mykiss. Aquat Living Resour, 5, 23-29, 1992.

36. Regost C, Arzel J, Kaushik SJ: Partial or total replacement of fish
meal by corn gluten meal in diet for turbot, Psetta maxima Aquaculture,
180, 90-117, 1999.

37.Zhou QC, Mai KS, Tan BP, Liu YJ: Partial replacement of fish meal by
soybean meal in diets for Juvenie cobia (Rachycentron canadum). Aquac
Nutr, 11, 175-182, 2005.



	18 (3): 389-394, 2012
	RESEARCH ARTICLE
	Growth Performance and Body Composition in Mirror Carp (Cyprinus carpio) Fed Culban Seed (Vicia peregrina) withDifferent Heat Treatments
	Makale Kodu (Article Code): KVFD-2011-5511
	Summary
	Farklı Sürelerde Isıtılmış Culban (Vicia peregrina) Tohumuyla Beslenen Aynalı Sazanlarda (Cyprinus carpio) Büyüme Performansı ve Vücut Kompozisyonu
	Özet
	INTRODUCTION
	MATERIAL and METHODS
	RESULTS
	DISCUSSION
	REFERENCES




