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Abstract 

Résumé 

Alexis M. N., Aquat. Living Resour., 1990, 3, 235-241. 

Carob seed gcrm meal (CSGM), and soybean meal (SBM), were tested as ingrcdients of diets for 
rainbow trout (Oncorhynchus mykiss) fingerlings at three lcvcls of inclusion, contributing 20 to 50% 
of the total protein of the diet. Fish growth decreased as the level of the plant by-product in the diet 
increased. Diets containing CSGM resulted in lowcr growth than comparable SBM diets, especially 
at inclusion levels contributing 37 and 53% of the total protein. High dietary CSGM levels decreased 
body protein and increased liver protcin indicating possible amino acid dcfiçiencies and/or imbalances 
at high inclusion levels. Mortality was also high at the high dietary CSGM Icvel. The results are 
discussed with referencc to the antinutritional factors contained in the raw materials tested and their 
possible effects on protein availability. 

Keywords : Nutrition, rainbow trout, Oncorhynchus mykiss, carob seed, soybean 

Évaluation comparatives des farines de soja et de germes de caroube comme aliments pour de jeunes 
truites arc-en-ciel. 

Des farines de germe de caroube (FGC) et de soja (FS) ont été testées comme aliments sur des 
jeunes truites arc-en-ciel (Oncorhynchus mykiss). Trois taux d'incorporation de farines correspondant 
à des concentrations de 20 à 50 % des protéines totales de l'aliments sont étudiés. Le taux de croissance 
des poissons diminue lorsque la proportion en sous-produits végétaux augmente. Les aliments conte- 
nant de la FGC entraînent des taux de croissance faibles par rapport aux aliments contenant FS et 
spécialement lorsque le taux d'incorporation de FGC est compris entre 37 et 54 % de protéines totales. 
Un taux élevé en FGC abaisse le taux de protéine du corps et lève le taux de proteiné du foie, 
indiquant alors des déficits et/ou déséquilibres possibles en acides aminés. La mortalité est aussi 
élevée à concentration maximale de FGC. Les résultats sont discutés ayant comme référence la 
composition en facteurs antinutritionnelles dans les matières premières testées et leur effet sur la 
disponibilité protéinique. 

Mots-clés : Nutrition, truites arc-en-ciel, Oncorhynchus mykiss, germe de caroube, soja. 

INTRODUCTION continuous market availability. The most widely 
tested plant materials are leguminous seeds, and 

The use of plant materials of high protein content especially soybeans, either in extracted or full fat 
in fish diets is desirable due to their low prices and form, due to their high protein content and good 
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'Table 2. - Formulation (% composition) and proximate analysis (% wcight composition) of experimental diets. 

- - - . . - . - - - . - 
I>icts 

- . .- - .- 

- 
1 2 3 4 5 

- .- . -. . 
6 

- 
Composition (%) 

Herring meal 50.7 36.9 26.5 50.3 36.4 28.3 
SBM - 19.0 36.5 44.6 
CSGM 21.8 42.4 57.6 - 
Raw corn starch 11.4 4.7 - 14.1 9.8 8.5 
a-cellulose 2.1 1.4 1 1.4 
Ronc meal 0.5 0.8 1.2 1 .O 1.9 2.0 
Guar gum 1.9 1.9 1.9 1.9 1 .Y 2.0 
Linseed oil 9.6 10.0 10.0 10.2 11.4 12.4 
Mct 

- 1.2 1.1 1 .O 1.3 1.3 1.4 
- -- . . 

Proximate analysis O/u 
Protein 44.9 43.0 41.4 45.4 43.9 42.2 
Digestible protein 33.6 29.4 26.2 37.3 36.7 35.5 
Fat 15.9 15.5 15.0 16.1 16.1 16.3 
Ash 7.1 6.9 6.9 7.7 8.2 7.9 
Moisture 6.1 6.7 7.1 5.7 5.9 5.6 
% of total protein 

. .. 
18.5 37.5 52.9 19.7 39.2 49.8 

. . -- -. - 
Each diet also containcd (O/,), choline chloride 0.5, vitamin premix 0.08. mincral prcmix 0.2 and BHT 0.02. 
Vitamin prcmix (expressed as mg/kg of finished fced cxccpt whcrc othcrwise indicated): thiamine 10, rihoflavin 20, pyridoxine 10, 

calcium pantothenaie 40, niçotinic acid 150, biotin 1, folic acid 5. vitamin B,, 0.02, inositol 40, vitamin A 2500 I.U., vitamin D, 500 1.1J., 
vitamin E 60 I.U., vitamin K3 5, ascorbic acid 400. 

Mineral prcmix: A commercial mixture of minerals (Suivit) was uscd, fortificd with AICI,. 6 1I,O, KI and CoCI,. 6 H,O to contain in 
mg12 g mixture: Fe 200, Al 0.3, Zn 300, Cu 200, Mn 63, 1 5.3, Co 7.3. 

wcrc significant only at  levels of CSGM contributing 
more than 20% of the dietary protein (fïg. 2u).  For 
both sets of dicts, weight gains tended to decrease 
with increasing levels of plant by-products. However, 
the difference in weight gain bctwccn the two lower 
inclusion levels of SBM did not differ (fi. 1). Feed 
efficicncy and protein retention decreased as the lcvel 
of plant by-products in the diet increased ( j ïg. 2 h-c). 
The values of feed efficiency and percent protein 
retention obtained from the diet containing the 
highest CSGM level were significantly lower than 
those of al1 the other dietary treatments. When the U/o 
protein retained was calculated in terms of digestible 
protein instead of crude dietary protein content, 
values were not significantly different between CSGM 
and SBM containing diets (fig. 2 c). 

The proximate analysis of the fish of al1 experimen- 
ta1 groups is presented in table 3. Al1 fish had similar 
protein content with the exception of fish fed diet 3. 
hhich had a significantly lower protein content. p hé 
lipid content of the fish increased with the SBM 
content of the diet. The lipid content of the fish 
receiving the CSGM diets did not show any specific 
trend. 

Fish fed the highest level of CSGM had a higher 
lipid content despite the fact that these fish had the 
lowest weight gain. The ash content did not differ 
significantly among the groups fed the SBM contain- 
ing diets, while a n  increase in the ash content of fish 
fed the CSGM diets was apparent. Moisture content 
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was similar with the exception of fish fed diet 2 
and 3, which exhibited a significantly higher moisture 
content than the othcr groups. Mortality was much 
higher in the groups fed the highest CSGM level. 

Hematocrit values of fish receiving either CSGM 
or SBM at similar dietary levels did ~ i o t  differ signifi- 
cantly (tuhle 4). Hematocrit values decreased as the 
level of plant by-products in the diet increased. 

Hepatosomatic indexes were similar within groups 
(table 4). Hepatosomatic indexes of fish fed the SBM 
containing diets were consistently higher than of those 
fed the CSGM containing diets. Moisture levcls and 
glycogen content of the livers did not differ signifi- 
cantly. 

Liver protein levels were similar within groups. Fish 
fed the CSGM containing diets had on the average 
higher liver protein content than those fed SBM. 
Significant differences were obscrved only at  the 
highest SBM inclusion level. Fat content of the livers 
of fish recciving the SBM diets were on the average 
higher and the ash content lower than those of fish 
receiving the CSGM diets. The ash content of the 
livers decreased with increasing levels of plant by- 
products in the diet. 
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Figure 1. - Fish weight throughout the growing period. Diet 1 
(O), diet 2 (A),  diet 3 ( O ) ,  diet 4 (a), diet 5 (A), diet 6 (8 ) .  

DISCUSSION 

Use of SBM as protein source 

The diets containing SBM had a digestible protein 
and fat content best suited for rainbow trout of this 
size (Watanabe et ul., 1979). However, differences in 
weight gain were observed among the fish fcd thc 
three dietary SBM levels. 

The degree of heating of SBM has been shown 
to be the main factor affecting its nutritional value 
(Sandholm et al., 1976, Ketola, 1982, Viola et al., 
1983). Proper heating improves nutritional value by 
destroying antitrypsin activity. The protein digestibil- 
ity of the soybean meal used in the present study 
was high, about 87% (Alexis et al., 1989), indicating 
sufficiently heated soybeans with a minimal amount 
of antitrypsin activity (Sandholm et al., 1976). 
Overheating reduces the nutritional value of soyabean 

% p r o t e i n  contr ibuted 

Figure 2. .- Weight gain. fced efliciency, proiein rctcntion (-) 

and digestible protein retcntion (-  - -) in rclation to the protein 
çontributed by each by-product, SBM (',) and CSGM (a). 

mainly by reducing the availablc lysinc content (Viola 
et al., 1983). The available lysine contcnt of thc prod- 
uct uscd could therefore be low enough to crcatc 
deficicncy at thc highcst inclusion level, thus contri- 
buting to the lower growth ratc obscrved. 

The increase in the lipid contcnt of the fish fed 
with SBM may have resulted from the highcr digcsti- 
bility of carbohydrates contained in SBM than in raw 
corn starch (Cho and Slinger, 1979) and therefore 
diets containing higher SBM lcvels would have had 
higher available energy. 

Use of CSGM as protein source 

The reduction in weight gain of the fish fed increas- 
ing CSGM levels was more pronounccd than that 
observcd with SBM. The main antinutritional factors 
reported for carob pods are tannins (Nachtomi and 
Alumot, 1963). CSGM has been shown to contain 
tannins (Filioglou and Alexis, 1989). 
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Table 3. - Body composition and mortalitics of rainbow trout fcd cxpcrimcntal diets for 83 days (% wet weight)*. 

- .- 
Crude protein Crude fat Ash Moisture Mortalities** - - 

Diet 
1 14.9 (0.1) 10.20 (0.05) 1.98 (0.08) 72.4 (0.1) 2 
2 14.7 (0.1) 9.53 (0.1 1) 2.38 (0.07) 72.7 (0.1) 3 
3 14.2 (0.1) 10.12 (0.07) 2.62 (0.04) 73.0 (0.1) 27 
4 14.9 (0.2) 9.51 (0.1 1) 2.33 (0.07) 72.3 (0.2) 2 
5 14.8 (0.2) 9.65 (0.07) 2.35 (0.08) 72.3 (0.1) 9 
6 15.0 (0.1) 9.92 (0.07) 2.33 (0.03) 72.2 (0.1) 

. - -. . . . . .  
1 

* Valucs arc thc avcragcs of thc two rcplicatcï. 
Values in parentheses are the standard deviations of thc mcasurcmcnts. 

**Average number of fishitank. 

Table 4. - Hepatosornatic index, liver composition and hcmatocrit values of experimental groups. 

-- . . . . . . .  .-- . . - 
Diet 

. . 

1 2 3 4 5 6 
. -. 

Hcpatosomatic index 1.84 (0.42) 1.63 (0.35) 1.70 (0.39) 2.01 (0.62) 2.13 (0.54) 1.97 (0.42) 
Hematocrit 29.0 (4.7) 25.1 (4.4) 22.3 (4.7) 25.0 (3.6) 22.2 (5.2) 20.8 (3.3) 
Moisture 76.4 (0.6) 75.9 (2.3) 76.1 (0.9) 76.5 (1.0) 76.3 (2.3) 76.0 (0.6) 
Protcins 16.9 (1.1) 16.9 (1.0) 17.5 (1.3) 15.9 (1.2) 16.0 (1.1) 15.5 (1.0) 
Fat 3.8 (0.4) 3.7 (0.5) 4.3 (0.5) 4.9 (0.5) 5.2 (0.3) 4.3 (0.4) 
Glycogen 3.4 (1.7) 3.1 (1.4) 2.8 (1.3) 3.7 (1.6) 2.7 (1.4) 3.6 (1.4) 
Ash 1.5 (0.1) 1.3 (0.2) 1.2 (0.2) 1.4 (0.1) 1.3 (0.2) 1.0 (0.2) 

...... 

Hcpatosomatic index and hematocrit values are the average of 20 measurements. Moisture and ash contents of 4 measurernents and protein, 
fat and glycogcn contcnts of 10 mcasurcmcnts. 
The values in parentheses are the standard dcviations of the mcasurcmcnts. 

Tannins create palatability problems due to their 
astringent taste (Joslyn and Goldstein, 1964). It is 
generally accepted that palatability problems exist, 
with rainbow trout, specifically for fish wcighing lcss 
than 10 g (Crampton, 1985). A constant feeding level 
was used in the present experiment, so that possible 
palatability problems were not tested. 

The main antinutritional characteristics of tannins 
are related to their ability to reduce feed digestibility. 
From in vivo and in vitro experiments, it has been 
suggested that protein digestibility is reduced by tan- 
nins by either a direct binding to certain parts of 
the protein molecule or through a non-competitive 
inhibition of the digestive enzymes (Tamir and 
Alumot, 1969, 1970). Extracts of CSGM were also 
found to decrease trypsin activity in vitro (Filioglou 
and Alexis, 1987) and protein digestibility measure- 
ments performed with rainbow trout resuIted in 
values lower than those of SBM, ranging from about 
50-70% (Alexis et al., 1989, Filioglou and Alexis, 
1989). The variability was possibly due to different. 
amounts of the seed coat present in different batches 
of the meal. 

Tt was calculated that the digestible protein content 
of the diets used in the present experiment decreased 
from about 37% to 26% as the level of CGSM in the 
diet increased (tahk 2). Fish fed diet 1 containing 37% 

digestible protein indicated a performance similar to 
that of the diets containing SBM, while reduction of 
growth parameters was particularly pronounced for 
the highcst CSGM levcl. The decrease in digestible 
protein might therefore be the main reason for the 
poor performance of the fish receiving the diets con- 
taining high levels of CSGM. However, the reduction 
in fish growth and the changes in feed conversion are 
much greater than those observed by Watanabe et al. 
(1979), among diets covering the same range of pro- 
tein contents (26-36%) at similar fat levels (16%). The 
percentage of digestible protein retained at the highest 
CSGM inclusion level is also lower than the values 
obtained at the two lower inclusion levels ( j ig.  2 4 ,  
despite the fact that protein retention increases with 
decreasing protein content of the diet (Steffens, 1981). 
These observations indicate that there might be other 
factors in addition to protein digestibility which 
reduce the nutritional value of CSGM. 

From the amino acid composition of CSGM 
(table 1)  it appears that amino acid requirements for 
trout were met or exceeded at al1 CSGM levels. Pos- 
sible methionine deficiency (Drouliskos and Malefaki, 
1980) was prevented by supplementing the diets with 
synthetic methionine. 

Tannins have been shown to bind to hydrophobic 
parts of the protein molecule (Mitaru et al., 1984), 

Vol. 3, no 3 - 1990 



240 M. N. Alexis 

hydrophobic amino  acids like histidine, isoleucine a n d  
valine indicating comparative1 y largcr increases in 
digcstibilities (21-24%) with reconstitution (high mois- 
turc  storage, which deactivates tannins) o f  sorgum, 
than  other  indispensable amino  acids (14-18%). A 
decrease in the availability o f  hydrophobic amino  
acids d u e  t o  their interaction with tannins could there- 
fore create deficiencies a n d  imbalanccs, which might 
be a n  additional factor in the reduction o f  fish pcr- 
formance with increasing dietary C S G M  content.  

T h e  high protein content  of  the  livers in contrast  
with the low body  protein o f  the fish receiving the 
highest C S G M  levels might be a n  indication o f  a n  
amino  acid imbalance, sincc cxpcriments with rats 
have shown that  amino  acid imbalancc stimualtes 
protein synthesis in  t h e  liver a n d  rcduccs protcin 
rctcntion by  the muscle (Sanahuja a n d  Rio, 1967, 
Yoshida et al., 1966). 

Fish receiving diet 3, the  highest C S G M  content,  
had  the lowest body protein and  a high fat a n d  
moisture content.  L o w  body protcin in fish receiving 
high C S G M  containing diets has  been obscrvcd pre- 
viously (Alexis et ul., 1985, 1986). Experiments with 
chicks have shown tha t  condensed tannins purified 
f rom fava beans (Marquard t  al., 1977) increased 
fat  retention a n d  decreased protein rctcntion, whcn 
added t o  diets. A similar effect was obscrvcd in the  
currcnt s tudy a t  the highest C S G M  inclusion with a n  
increase in the fat  a n d  a decrease in  the  protein 
content o f  the  fish. Livcr weights o f  chicks receiving 
high levels o f  growth inhibitors were also reduced 
(Ward  et ul., 1977) in accordance with Our present 
observations. 

T h e  high mortality o f  fish rcceiving the  diet con- 
taining the  highest C S G M  level indicatcs that  there 
m a y  have been a toxic effect o f  the C S G M  a t  lcast 
for  fish o f  this size. 

CONCLUSION 

C S G M  appears  t o  be a protein source o f  lowcr 
nutritional value than  SBM.  Levels contributing 
a b o u t  20% o f  dietary protein did n o t  significantly 
affect fish performance, higher inclusion levels 
resulted in lower weight gains. T h e  main rcason for  
the reduced fish performance appears  t o  be the low 
protcin digestibility o f  the  C S G M .  It appears  that  a t  
a high level o n  inclusion (50% o f  dietary protein) fish 
metabolism is affected a n d  a toxic effcct cxists result- 
ing in high fish mortalities. 
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