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An eight-week feeding trial was conducted in a static in-
door rearing system to examine the effects of partial substitu-
tion of fish meal (FM) protein with deoiled salseed meal protein
with and without supplemental amino acids in diets for rohu,
Labeo rohita fingerlings (average weight 5.50 +0.19 g). Prior
to incorporation into diets, deoiled sal (Shorea robusta) seed
meal was fermented with lactic acid bacteria (Lactobacillus
acidophilus) in order to reduce/eliminate the antinutritional
factors, tannin and phytic acid present in it. Twelve experi-
mental diets (diets D1 to D12) were formulated repalcing the
FM protein from a reference diet with salseed meat protein at
different levels (four sets of diets, of which each set of three di-
ets contained 25%, 50%, and 75% replacement of FM protein
by salseed meal protein respectively). Diets D1 to D3 were not
supplemented with any amino acid. Lysine was supplemented
to diets D4 to D6. Diets D7 to D9 were supplemented with
methionine-cystine (together) and diets D10 to D12 contained
lysine and methionine-cystine (together). Lysine and methio-
nine-cystine (together) were added to the diets at 5.7% and
3.1% of dietary protein respectively. The groups of fish fed di-
ets without any supplemental amino acids had significantly
lower percentage weight gain, SGR and higher FCR than the
groups of fish fed other experimental diets. The addition of ly-
sine and methionine-cystine to the diet in which 50% of FM
protein was replaced by salseed meal protein (diet D11) sig-
nificantly improved fish weight gain and FCR. The percentage
live weight gain and SGR wvalues differed significantly
(P < 0.01) from each other in the fish fed diets D10 to D12
which were supplemented with all three amino acids. The re-
sults of the present study suggest that rohu fingerlings can ef-
fectively utilise the supplemented amino acids and that deoiled
salseed meal protein can replace up to 50% of FM protein in
the diets for rohu if the salseed meal is properly processed
(fermented) and supplemented with deficient amino acids.
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INTRODUCTION

Attempts to totally replace the fishmeal component in aquafeeds with alternative indi-
vidual protein sources have met with little success. It is therefore, a common practice to at-
tempt to improve the protein quality of aquafeeds by supplementing with the essential amino
acids (EAA) that are in greatest deficit (Teshima and Kanazawa 1988; Robinson 1991;
Webster et al. 1995). Some EAA, such as methionine and lysine, are generally critical in
formulating fish diets with inexpensive plant protein sources (Tacon 1985). While fish and
shrimps do not thrive well on mixture of pure synthetic amino acids instead of protein, indi-
vidual amino acids (notably L-lysine and DL-methionine) can effectively be used to supple-
ment diets otherwise deficient in these amino acids (New 1987). Most plant proteins are
deficient in the sulphur amino acids (methionine and cystine). The lysine requirement of carp
is relatively high, 5.7% of the total protein (NRC-NAS 1983; Wilson 1985).

There exists a relationship between methionine and cystine, two important sulphur-
containing amino acids. Cystine is considered non essential because it can be synthesised by
the fish from the essential amino acids—methionine. Therefore, if methionine is fed without
cystine, a portion of methionine is used for protein synthesis and a portion is converted to
cysteine for incorporation into protein as cystine. If cystine is included into the diet, it re-
duces the amount of methionine needed in the diet. Because of this relationship, the fish has
a total sulphur amino acid requirement rather than a specific methionine requirement. The
total sulphur amino acid requirement (methionine + cystine) for carps has been reported to
be 3.1% of total protein (Nose 1979; Wilson 1985).

Deoiled sal (Shorea robusta) seed meal is available at a large scale in Jhargram Subdi-
vision of Midnapore district, West Bengal, India as a by-products of sal oil industry. Salseed
is an important forest product abundantly available in West Bengal, Bihar, Orissa, Madhya
Pradesh, and north-eastern States of India. Although deoiled salseed meal is a promising
vegetable source in carp diets (Mukhopadhyay and Ray 1996, 1997), yet it is low in
methionine and lysine. In the present study, diets containing different inclusion levels of
deoiled salseed meal protein were supplemented with lysine and methionine-cystine (to-
gether) to meet the minimum requirement for lysine and methionine-cystine for carp which
are 5.7% and 3.1% of dietary protein respectively (Nose 1979, NRC-NAS 1983; Wilson
1985).

MATERIAL AND METHODS

Experimental diets

Fermented salseed meal was used as the test ingredient. Autoclaved samples of sal-
seed meal were then inoculated with lactic bacteria, Lactobacillus acidophilus (Intercare
Ltd., India; 10° cells/g) at 5% level and kept for 48 hours at room temperature. After
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48 hours the fermented sample was sundried and pulverised. The fermented samples were
analysed for phytic acid content and were found to be reduced below the detection limit.
Twelve experimental diets (diets D1 to D12) were prepared replacing fishmeal protein with
salseed meal protein at different levels. In diets D1, D2, and D3 fishmeal protein was re-
placed by salseed meal protein at 25, 50, and 75% levels without any amino acid supple-
mentation. Diets D4, D5, and D6 were supplemented with lysine at 5.7% of dietary protein.
Diets D7, D8, and D9 were supplemented with methionine and cystine (together) at 3.1%
level of dietary protein. Finally, diets D10, D11, and D12 were supplemented with all three
amino acids, i.e., lysine, methionine and cystine. To each of the formulated diets 1% chro-
mic oxide was added as an external marker. All the diets were prepared in pelleted form
using carboxymethylcelulose (CMC) as a binder (Tab. 2).

Experimental design

The experiment was conducted in a static indoor rearing system containing 90-dm’
glass aquaria with continuous aeration. Rohu, Labeo rohita fingerlings were obtained from
a local fish-seed dealer and acclimated to the laboratory condition for 15 days and fed with
a 1:1 mixture of rice bran and mustard oilcake. Fish fingerlings (mean weight 5.50 £0.19 g)
were randomly distributed at the rate of 10 fish per aquarium with two replications for each
treatment. Each experimental aquarium was fed with unchlorinated water from a deep tube
well. The experimental fish were fed with the formulated diets twice daily at 09.00 h and
15.00 h at a fixed feeding rate of 5% wet body weight per day for the whole experimental
period of 60 days duration. The quantity of feed given was readjusted every 10™ day after
weighing the fish. The uneaten feed was collected after 1h by siphoning after each feeding.
The faecal samples were collected following the method outlined by Spyridakis et al.
(1989). The faeces naturally released by the fish could be easily detectable and were re-
moved from the water with a glass canula. The collection was performed everyday, at
17.00 h after the last feeding. Faeces collected from replicate treatments were pooled, dried
at 60°C in an oven, and stored for subsequent analysis. Pooled faecal samples for each
treatment were analysed separately. At the termination of the experiment, all the fish were
weighed individually and used for subsequent analysis. The water in each tank was changed
every day throughout the experimental period in order to maintain the water quality. The
ranges of the water quality parameters were: temperature, 26-30°C; pH, 6.3-7.3; dissoived
oxygen, 4.9-7.7 mg/dm?; alkalinity, 189-190 mg/dm®.

Chemical and statistical analyses

Feed ingredients, experimental diets, faecal samples, and carcasses were analysed for
proximate composition following the AOAC procedures (1980). Chromic oxide in the diets
and faeces was estimated spectrophotometrically following the method of Bolin et al.
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(1952). The tannin content in the deoiled salseed meal was determined using Folin-Denis
reagent (Schanderi 1970), and the phytic acid was determined following the method out-
lined by Wheeler and Ferrel (19171). Amino-acid analysis of deoiled salseed meal was car-
ried out using an HPLC apparatus with PICO-TAG amino-acid analyser (Waters). Protein
samples were hydrolysed in 6 mol/dm® HCI at 110°C for 22 h. Water analyses followed the
methods outlined by the APHA (1980). Apparent protein digestibility (APD, %) specific
growth rate (SGR, %/day), feed conversion rate (FCR), protein efficiency ratio (PER), and
apparent net protein utilisation (ANPU, %) were calculated using standard methods
(Steffens 1989). Statistical analyses of the data were made by analysis of variance
(ANOVA) followed by Scheffe’s F-test for multiple comparisons (Das and Das 1993). Data
were considered significant at the 0.01 level.

RESULTS

The proximate composition and amino acid constituents of the feed ingredients are
presented in Tab. 1. The proximate composition and the calculated level of amino acids of
the formulated diets are depicted in Tabs. 2 and 3, respectively. All the diets were isonitro-
genous (35% crude protein) and isocaloric (4.51 kcal/g). Phytic acid could not be detected
in any of the experimental diet. Diet D1 however, contained only 0.18% of tannin.

The data pertaining to the growth performance and feed conversion efficiency of the
fish in each dietary treatment are presented in Tab. 4. The average final weight of the fish
increased considerably from the initial value (5.50 £0.19 g) in all the dietary treatments.
However, the highest attainment in fish body weight, average percentage live weight gain
and SGR were recorded in the group of fish reared on diet D11 with 50% salseed meal
protein and supplemented with lysine, methionine and cystine. The percentage live weight
gain and SGR of the fish fed diets without any amino acid supplementation (diets D1 to D3)
and with only Iysine supplementation (diets D4 to D6) decreased with increasing levels of
fishmeal protein replacement with salseed meal protein. Best PER was recorded in the fish
fed diet D11 which was not significantly different (P < 0.01) from that with diet D10.
PER value was lowest with diet D3 (75% fishmeal protein replaced by fermented salseed
meal, without any amino acid supplementation) which was not significantly different from
obtained with diets D6 and D9. Apparent net protein utilisation (ANPU) by the fish was re-
corded highest with diet D10 while, the lowest was recorded with diet D6. There was no
significant difference in the ANPU values in the fish fed reference and diet D11. The feed
conversion ratio (FCR) was best for diet D11 which did not differ significantly from that for
the diet D10. The FCR was worse with diet D3 (with 75% fishmeal protein replacement and
without any amino acid supplementation). The apparent protein digestibility from diet D10
was comparable to the reference diet and diet D11 had significantly (P < 0.01) higher pro-
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tein digestibility than the reference diet. Protein digestibility from the salseed meal was low-
est at 75% replacement level without any amino acid supplementation.

Proximate carcass composition of fish fed different experimental diet is presented in
Tab. 5. The moisture content of the carcass was found to decrease as compared to the initial
value with all dietary treatments except with diets D4, D5, D7, D10, and D11. The deposi-
tion of protein and lipid in the carcass of the experimental fish increased over the initial
value. Highest accumulation of protein was recorded in the carcass of the fish reared on diet
D11 which significantly differed (P < 0.01) from all others group. Lowest amount of carcass
protein was recorded in the fish fed diet D3. Diet D11 resulted in maximum deposition
of fat in fish carcass. Lowest amount of fat was deposition in the carcass of the fish fed
diet D3. Maximum amount of ash was recorded in the carcass of the fish fed diet D4.

Table 1
Proximate composition and amino acid constituents of feed ingredients
(% dry matter basis)
Nutrients Fish meal * | Mustard oilcake *| Salseed meai
Moisture 2.96 14.00 5.41
Dry matter 97.04 86.00 94.59
Crude protein 58.50 35.93 34.27
Lipid 9.91 7.00 1.71
Ash 11.50 8.37 4.32
Crude fibre 3.93 553 191
Nitrogen-free extract (NFE) 14.20 29.17 52.39
Total carbohydrate 18.13 34.70 54.30
Gross energy (kcal/g) 4.19 4.11 4.32
Tannin — — 3.40
Phytic acid — — 0.13
Amino acids

Arginine 3.77 (6.11)' 1.90 (5.80) 0.69 (2.0)
Cystine 0.60 (0.97) 0.44 (1.84) 0.14 (0.4)
Histidine 1.61 (2.60) 0.88 (2.68) 0.14 (0.4)
Isoleucine 3.10(5.02) 1.28 (3.91) 6.86 (20.0)
Leucine 4,99 (8.08) 2.31(7.05) 2.98 (8.7)
Lysine 5.04 (8.17) 1.85 (5.04) 1.40 (4.0)
Methionine 1.99 (3.22) 0.69 (2.10) 1.72 (5.0)
Phenyloalanine 2.78 (4.51) 1.48 (4.82) 0.93(2.7)
Threonine 2.76 (4.47) 1.80 (4.50) 2.47(1.2)
Valine 3.50 (5.67) 1.54 (4.70) 223 (6.5)
Tyrosine 2.24 (3.63) 1.19 (3.63) 0.58 (1.7)

* Amino acid composition of fish meal according to National Research Council (1983)
and mustard oilcake according to Capper et al. (1982)
! Figures in parentheses indicate the amino acid contents expressed as % of protein



Ingredient composition (% dry weight) and proximate composition of the experimental diets (on dry matter basis)

Table 2

Diets
. RD | DI | D2 | D3 | D4 | D5 D6 | D7 | D8 | D9 | D10 | DIl | DI2
Ingredients % of fishmeal protein replaced
25 50 75 25 50 75 25 50 75 25 50 75
Fishmeal 50.00 | 37.50 { 25.00 | 12.51 | 37.50 | 25.00 | 12.51 | 37.50 | 25.00 12,51 37.50 | 25.00 12.51
Salseed meal — 2134 | 4267 | 64.03 | 2134 | 4267 | 64.03 | 2134 | 4267 | 64.03 2134 | 4267 | 64.03
Mustard oilcake 18.00 | 16.00 | 16.00 | 16.00 | 16.00 | 16.00 | 16.00 | 16.00 16.00 16.00 16.00 16.00 16.00
Dextrin 28.00 | 21.16 | 12.33 346 | 21.16 | 12.33 346 | 21.16 12.33 346 | 21.16 12.33 3.46
Codliver oil 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sunflower oil 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lysine — — — — 1.46 1.49 1.51 — — — 1.46 1.49 1.51
Methionine — — — — — — — 0.365 0330 0.290} 0.365| 0.330| 0.290
Cystine — — — — — — — 0.365 0330 0.290} 0.365 0.330| 0.290
Premix* 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cr;0; 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parameter Proximate composition (% dry matter)

Moisture 3.95 4.46 5.26 6.06 4.40 5.21 6.09 4.50 5.25 6.01 4.45 5.23 6.00
Dry matter 96.05 | 9554 | 94.74 | 93.94 | 9560 | 94.79 | 9391 | 9550 | 94.75 93.99 95.55 94.77 | 94.00
Crude protein 3560 | 3497 | 3501 | 3522 | 3499 | 35.11 { 35.09 | 35.07 | 3498 | 3502 | 35.01 | 35.12 | 35.00
Lipid 7.68 6.80 6.03 4.95 6.76 6.00 4.94 6.78 6.01 4.93 6.79 6.05 4.96
Ash 7.26 6.57 6.06 5.54 6.50 6.01 5.53 6.52 6.07 5.51 6.55 6.02 5.48
Crude fibre 297 2.77 2.68 2.60 275 2.62 2.58 271 2.66 2.71 2.76 2.65 2.59
Nitrogen-free extract | 42.54 | 44.43 | 4496 | 45.63 | 44.60 | 45.05 | 4577 | 4442 | 45.03 4592 | 4444 | 4493 4597
Gross energy (kcal/g) | 4.60 4.55 4.50 4.44 4.56 451 443 4.55 4.50 4.43 4.55 451 4.44
Organic matter 88.78 | 88.97 | 8868 | 8840 | 88.10 | 88.78 | 8838 | 88.98 88.68 88.48 88.00 | 88.75 | 88.52
Cr;04 0.81 0.79 0.83 0.84 0.88 0.80 0.78 0.81 0.84 0.79 0.86 0.81 0.83
Tannin (%) — 0.18 0.33 0.55 0.19 0.39 0.57 0.14 0.37 0.56 0.13 0.33 0.54
Phytic acid (%) — — — — — — — — — — — — —

*__vitamin and mineral mixture (Vitamines forte, Roches India Ltd.)




Calculated level of amino acids in experimental diets (% dry matter basis)

Table 3

Ami d Diets

fmno acids RD DI D2 D3 D4 D5 D6 D7 D3 D9 D10 | DIl DI2
Arginine 233 | 197 | 164 | 118 | 197 | 164 | 131 | 197 1.64 131 197 | 164 | 131
Cystine 040 | 035 | 030 | 023 | 035 | 030 | 025 | 071 | 063 | 054 [ 071 | 063 | 054
Histidine 101 | 082 | 064 | 044 | 082 | 064 | 047 | 082 | 064 | 047 | 082 | 064 | 047
Isoleucine 187 | 298 | 413 | 398 | 298 | 413 | 528 | 298 | 413 | 528 | 298 | 413 | 528
Leucine 305 | 303 | 306 | 252 | 303 | 306 | 309 | 303 | 306 | 309 | 303 | 306 | 3.00
Lysine 208 | 261 | 227 | 168 | 407 | 376 | 345 | 261 | 227 | 194 | 407 | 376 | 345
Methionine 117 | 129 | 142 | 122 | 129 | 142 | 155 | 166 1.75 184 | 1.65 175 | 184
Phenyloalanine 174 | 156 | 141 | 1090 | 156 | 141 | 126 | 156 141 126 | 156 | 141 | 126
Threonine 180 | 196 | 216 | 189 | 196 | 216 | 237 | 19 | 216 | 237 | 196 | 216 | 237
Valine 213 | 214 | 219 | 18 | 214 | 219 | 225 | 214 | 219 | 225 | 214 | 219 | 225
Tyrosine 140 | 122 | 106 | 079 | 122 | 106 | 090 | 122 106 | 090 | 122 | 106 | 0.90




Growth, feed utilization efficiencies and apparent protein digestibility (ADP) in Labeo rohita fed experimental diets for 60 days

Table 4

Parameters Diets

RD D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12

No. of test fishes 10 10 10 10 10 10 10 10 10 10 10 10 10
Av. init, body wt. (8) 550° | 550° | 550® | 5.50° { 5.50° | 550* | 5.50° | 550* | 550* | 550°® | 5.50° [ 550* | 5.50°
B . +0.19 | +#0.19 | +0.19 | +0.19 | 4021 | +020 | +0.18 | +0.19 | +020 | +0.19 | +0.18 | #0.16 | +0.15
Final av. wt. gain (g) 13517 [ 11.039 | 10.48° | 8.80° | 12.84° | 12.11° | 9.48° | 13.00f | 13227 | 9.91° | 13.988 | 14.887 | 10.37°
S +0.03 | +0.07 | +0.11 | +0.18 | 021 | +0.14 | +0.11 | +0.07 | +0.09 | +0.01 | +0.13 | +0.12 | +0.11

Net. wt. gain (g) 8.01 5.53 4.98 3.30 734 6.61 3.98 7.50 7.72 441 8.48 9.38 487
Live wt. gain (g) 145.717]100.529] 90.63° | 60.09° | 133.47°| 120.21°| 72.43° | 136.377 | 140.417 | 80.27¢ | 154.20% | 170.54™ | 88.59°
: +0.19 | #0221 | 4023 | 40.17 { +0.14 | +0.13 | 4021 | 4020 | 40.17 | 4020 | 022 | #0.19 | +0.01
Sp. gr. rate (SGR) 1498771 1.1598% ] 1.0747°| 0.7835% | 1.4132°| 1.3155°] 0.9075° | 1.4337% | 1.46177 | 0.9813° | 1.55488 | 1.6588" | 1.0570°
(%-day™) +0.01 | +£0.03 | +0.01 | +0.02 | +0.01 | +0.04 | +0.03 | 40.03 | +0.01 | +0.01 | +#0.01 | +0.02 | +0.01
FCR 190 | 226° | 229° | 252° | 2.19° | 223° | 247° | 2.11° | 2.01* | 239° 1.87* | 1.83* | 231°
+0.03 | +0.01 | 40.02 | +0.01 | +0.04 | +0.03 | +0.02 | +0.01 | +0.01 | 40.02 | +0.02 | +0.01 | +0.01

PER 1479 | 1.27° | 1.25° 113 | 131% | 1.27° 1.15* | 135° | 142° 1.19* | 153° | 1.56° | 1.24°
+0.01 | +0.02 | +0.01 | +0.03 | +0.02 | +0.01 | +0.04 | +0.03 | +0.02 | +0.01 | +0.02 | +0.03 | +0.02

ANPU (%) 28977 | 27.92° | 29328 | 2423° | 23.31° | 24.76° | 22.90® | 25.23% | 27.44° | 2358 | 29378 | 28.867 | 2538°
+0.19 | +0.17 | 4021 | +0.19 | +0.16 | +0.19 | +0.21 | +0.17 | +0.19 | 020 | +0.13 | +0.16 | +0.14

APD (%) 87127 | 85.099 | 84.35° | 80.10° | 86.19° | 86.12° | 82.63° | 86.37° | 86.57° | 83.84° | 87.237 | 88.648 | 84.18°
+0.17 | +0.12 | +0.19 | +0.18 | 4020 | +0.15 | 40.17 | 4020 | 40.21 | 4020 | +0.16 | +#0.09 | +0.16

Figures with same superscripts in the same row was not significantly different (P < 0.01)



Proximate carcass composition of Labeo rohita fingerlings fed experimental diets for 60 days % wet weight)

Table 5

Diets

Parameters I3 - T RD D1 D2 D3 D4 D5 D6 D7 D8 D9 DI0 | DIl | DI2
Moisture %021 7920° | 80.01° | 80.22° | 81.44% | 79.73% | 79.84° 1 81.11% | 79.57° | 79.41° | 81.099 | 78.33* | 78.19* | 80.39°
) £0.19 | 024 | 4026 | +028 | +030 | 031 | +0.12 | +0.14 | +0.15 | +0.16 | +0.17 | +020 | +0.18
D " 1979 | 20-80° 19.99% | 19.78° | 18.56° | 2027° | 20.16° | 18.89® | 20.43° | 20.59° | 18.91° | 21.67¢ | 21.847 | 19.61°
Ty matter : 4021 | 4019 | +0.09 | +0.04 | +0.07 | +0.08 | +0.13 | +0.16 | +0.17 | +021 | +0.17 | +020 | +0.16
Protein 23y | 889° | 8547 | 8.49° 8.03° | 8639 | 861 | 811° | 872° | 8.81° | 819* | 8957 | 9.068 | 832°
: +0.17 | +0.17 | +0.09 | +0.06 | +0.09 | +0.08 | 4022 | +021 | +0.20 | +0.19 | +0.18 | +0.19 | +0.20

Lipid 587 | 312° 4737 | 461° | 420% | 4899 | 4827 | 437° | 4939 | 5019 | 442° | 521° | 5307 | 457°
) +0.14 | #0.12 | +0.16 | 020 | +#0.21 | +#023 | 4024 | +021 | +0.19 | +0.11 | +0.09 | +0.12 | +0.14

Ash 3ap | 343° 339° | 3.45° | 3.46° | 3519 | 333° | 328° | 353% | 3.22® [ 3.19° | 321°® | 3.36° | 3.17°
: +0.09 | +0.06 | +0.04 | +0.02 | +0.01 | +0.01 | +0.03 | +0.01 | +0.04 | +0.02 | +0.01 | +0.04 | +0.01

Figures with same superscripts in the same row was not significantly different (P < 0.01)
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DISCUSSION

The results of the present study demonstrated that the supplemental amino acids (ly-
sine and methionine + cystine) were effective in improving the nutritive value of the fer-
mented deoiled salseed meal incorporated diets which were deficient in the aforementioned
amino acids for Labeo rohita fingerlings in terms of percent weight gain, specific growth
rate (SGR, %/day), FCR, PER, and ANPU. Rohu fingerlings grew poorly when fed diets
containing different levels of salseed meal protein (25, 50, and 75% replacement of fishmeal
protein) without any amino acid supplementation, Replacement of fishmeal protein with
plant protein has had variable success. In the studies where growth is reduced, several hy-
potheses have been suggested to explain the results. These are: (a) sub optimal amino acid
balance, (b) low protein content, and (c) presence of antinutritional factors (Tacon 1993).
Amino acid analyses of the oilseed meals used in the present experiments indicated that all
the salseed meal was deficient of lysine and methionine which failed to meet the amino acid
requirement of rohu fingerlings. The antinutritional factors tannin and phytic acid in raw oil-
seed meals adversely affect the growth of fish (Mukopadhyay and Ray 1996, 1997, 1998).
The oilseed meals used in the present study were fermented with lactic acid bacteria prior to
incorporation into diets. This treatment resulted in reduction of the antinutritional factors
below detectable limits. The reduced growth of fish fed diets without any amino acid sup-
plementation may be due to amino acid imbalance in these diets.

Labeo rohita fingerlings fed oilseed meals diets with individual supplementation of ly-
sine or methionine and cystine, had significantly lower percentage weight gain, SGR, PER,
ANPU, and higher FCR than fish fed the fishmeal based reference diet without any amino
acid supplementation. This indicates that the supplementation of any one of the deficient
amino acid did not improve the nutritional quality of the oilseed meals significantly. Rumsey
and Ketola (1975) reported that individual supplementation of soybean meal with lysine,
methionine, histidine or leucine did not improve growth rate of rainbow trout. In a subse-
quent report, Fordiani and Ketola (1980) found that methionine supplementation of com-
mercial soybean meal improved growth rate of rainbow trout, but methionine supplementa-
tion did not improve the quality of reheated soybean meal. Wu and Jan (1977) for Oreo-
chromis aureus fry also reported that weight gains were not increased by the supplementa-
tion of crystalline methionine to a soybean meal diet. Addition of supplemental methionine
in fish diets has had variable success. Tacon et al. (1984) stated that addition of 0.2%
L-methionine to a diet deficient in methionine for rainbow trout, Oncorhynchus mykiss, did
not improve growth. However, Shiau et al. (1987) reported that addition of supplemental
methionine improved growth in tilapia. Murai et al. (1986) reported that nutritional value of
soyflour was improved by addition of 0.4% crystalline L-methionine. On the contrary, An-
drews and Page (1974) reported no improvement in weight gains when supplemental
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methionine was added to channel catfish diet. It has been stated that crystalline methionine
is rapidly absorbed in fish and degraded into methionine sulphoxide (Thebault 1985; Murai
et al. 1986). Robinson (1991) however, reported improved growth in channel catfish fed a
diet in which 100% of soybean meal protein was replaced by cotton seed meal protein wit
supplemental lysine. Viola et al. (1982) also reported improvement of soybean meal protein
with supplementation of both methionine and lysine in carp diets.

On the other hand the supplementation of the oilseed meal containing diets with ly-
sine, methionine, and cystine was effective in improving the growth of Labeo rohita finger-
lings. The fish fed diets in which 50% of fishmeal protein was replaced by oilseed meal
protein and supplemented with all of three amino acid (lysine, methionine, and cystine),
gave significantly (P < 0.01) the higher percentage weight gain, SGR, PER, and ANPU than
those fed the reference and other experimental diets. This indicates that Labeo rohita fin-
gerlings are able to effectively utilise supplemental amino acids and that salseed meal protein
can be used to replace up to 50% of the fishmeal protein in major carp diets if supplemental
with lysine, methionine, and cystine. Andrews and Page (1974) tried to improve the quality
of soybean protein by adding methionine, cystine or lysine. The however, found that adding
crystalline methionine, cystine or lysine did not improve the growth of channel catfish. In
our experiment, weight gain, SGR, PER, and ANPU of the fish receiving diets with 75%
fishmeal protein replacement with sal protein and lysine and methionine-cystine supplemen-
tation, were lower than those of the fish receiving diets with 50% salseed meal protein.
Since both the diets were supplemented with lysine and methionine + cystine, it assumed
that there was no marked difference in EAA contents of the diet with 75% oilseed meal
protein. Some other factors other than the shortage of some EAA may be responsible for
the inferior nutritive value of the former diets. Although essential amino acid requirements
of Labeo rohita fingerlings have not been established, the results of the present study indi-
cate that the diets containing 50% oilseed meal protein with amino acid supplementation
(lysine and methionine + cystine) met the essential amino acid requirement of common carp
(Wilson 1985).

The protein digestibility was found to be better or comparable to the reference diet for
diets with lysine and methionine + cystine supplementation, up to 50% replacement of fish-
meal protein with oilseed meal proteins. In case of oilseed meal containing diets without any
amino acids supplementation digestibility of protein was recorded lower in comparison to
those for the reference diet. However, individual supplementation of amino acids resulted in
increased protein digestibility than for the diets without any amino acid supplementation.
The apparent digestibility of protein decreased with increasing level of incorporation of oil-

seed meal protein without any amino acid supplementation.
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The proximate composition of carcass of the experimental fish at the termination of
the feeding trial resulted in significant increase in protein and fat in comparison to the initial
values in all the dietary treatments. Carcass moisture content of the fish fed 50% oilseed
meal protein diet with/without amino acid supplementation was lower and protein content
was higher than those fed other experimental diets. The fish fed diets in which 50% fishmeal
protein was replaced by oilseed meal protein and supplemented with all the three amino ac-
ids (lysine, methionine +cystine), resulted in higher protein and lipid and lower moisture
deposition than those reared on the reference diet. Webster et al. (1995) however, did not
find any significant difference in percentage of moisture, protein and fat in blue catfish, /c-
talurus furcatus fed L-methionine supplemented soybean meal containing diets. Poston and
Rumsey (1983) reported that feeding graded levels of tryptophan caused increased deposi-
tion of lipid and dry matter and lower ash and body protein in rainbow trout. Robinson
(1991) observed no negative effects on percentage dressout or proximate composition of
channel catfish fed diets containing cotton seed meal protein with/without supplemented
lysine. He found an increase in percentage protein and reduction in percentage fat in channel
catfish fed a feed containing 50% cottonseed meal protein and lysine. In the present study,
diets containing 50% oilseed meal protein with supplemented lysine, methionine + cystine
resulted in significant increase in both protein and lipid in the carcass of the fish.

Deoiled salseed meal cannot be utilised at a level of more than 20-30% of diet in raw
condition without compromising growth of fish (Mukhopadhyay and Ray 1996). The fac-
tors which limit their incorporation at high levels are the presence of antinutritional factors,
tannin, and phytic acid and amino acid imbalance. The inclusion rate of salseed meal could
be increased up to 30—40% by eliminating/reducing the amount of tannin and phytic acid by
proper processing prior to their incorporation. It can further be concluded that rohu finger-
lings are able to effectively utilise the supplemental amino acids and that up to 50% of fish
meal protein can be replaced by deoiled salseed meal proteins in the diets for rohu if the oil-
seed meal is properly processed (fermented) and supplemented with deficient amino acids.
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Nibedita MUKHOPADKYAY, Arun Kumar RAY

PODWYZSZENIE JAKOSCI MACZKI Z NASION SAL (SHOREA ROBUSTA)
STOSOWANE] DO ZYWIENIA PALCZAKOW ROHU (LABEO ROHITA)
POPRZEZ DODANIE AMINOKWASOW

STRESZCZENIE

Dla przesledzenia wplywu czgsciowego zastapienia bialek maczki rybnej przez proteiny z po-
zbawionej oleju maczki z nasion rosliny nazywanej lokalnie ,,sal” — w diecie palczakéw rohu (Labeo
rohita) (Srednia masa 5,50 £0,19 g) — przeprowadzono o$miotygodniowe doswiadczenie zywieniowe
W statycznym, wewngtrznym systemie hodowlanym. W celu zredukowania zawartosci lub wyelimi-
nowania negatywnie dzialajacych czynnikéw zywieniowych, taniny i kwasu fitynowego — odolejona
maczka z nasion sal (Shorea robusta), przed jej dodaniem do paszy zostala poddana fermentacji
z udzialem bakterii kwasu mlekowego (Lactobacillus acidophilus). Ustalono 12 kompozycji pasz
doswiadczalnych (D1-D12), w ktérych w roéznym stopniu zastapiono biatka maczki rybnej przez
biatka z maczki nasion sal (cztery zestawy pasz, po trzy pasze w kazdym, zawierajace odpowiednio
25, 50 oraz 75% bialek z maczki z nasion sal zastgpujacych biatka z maczki rybnej). Diety od D1 do
D3 nie byly wzbogacone aminokwasami. Lizyn¢ dodano do diet od D4 do D6. Diety od D7 do D9
byly wzbogacone metionina-cystyna (facznie), zas diety od D10 do D12 zawieraly lizyng oraz me-
tioning-cystyne (Yacznie). Lizyna oraz metionina-cystyna (tacznie) byly dodane do tych kompozycji
w proporcjach — odpowiednio 5,7 i 3,1% bialek zawartych w dietach. Grupy ryb Zywione zestawami
bez dodatkowych aminokwaséw mialy wyraznie nizszy procentowy przyrost masy i dobowy przy-
rost $redniej masy jednostkowej oraz wyzszy wspotczynnik pokarmowy niz ryby z grup zywionych
innymi wariantami pasz. Dodatek lizyny oraz metioniny-cystyny do pasz, w ktorych 50% biatek
z maczki rybnej zostalo zastapione przez biatka z maczki z nasion sal (wariant D11) istotnie popra-
wil przyrost masy ciala oraz wspotczynnik pokarmowy palczakéw rohu. Wartosci procentowego



Sal seed meal with supplemental amino acids in feeds for Labeo rohita 39

przyrostu zywej masy oraz dobowy przyrost sredniej masy jednostkowej wykazywaty istotne roéznice
(P < 0,01) dla wariantéw od D10 do D12, ktére byly wzbogacone wszystkimi trzema aminokwasa-
mi. Wyniki niniejszej pracy wskazuja, ze palczaki rohu mogg efektywnie wykorzystywa¢ dodatkowe
aminokwasy oraz, Ze biatka z odolejonej maczki z nasion sal mogg zastapi¢ do 50% biatek maczki
rybnej, jezeli maczka z nasion sal jest wlasciwie przetworzona i wzbogacona niezbednymi amino-
kwasami.
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