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SUMMARY

Soybean replacement of fish meal is known to in-
duce adverse effects in the liver and the mucosal
lining of the intestine. The aim of the present
work was tb-'i‘nvéstigate the possible ameleoration
of lhese:délet.éfious éffects by addition of potas-
Sium dfhyﬁfégén phosphate and L.carnitine. For
this purpose eighty, sex reversed male fish were
used, théy were allocated into four groups. G
‘ontrol fed on a reference fish meal diet, Gy
(830) in which soybean replace 30% of fish meal,
G3 soybean replace 30% of fish meal in addition
" Relssium . dihydrogen phosphate KH>PO4
(8429 L34 |Gy @, Gz with addition of
Learnitine (150mg/kg diet).

The dieg g prepared and provided to fish for 43

Gays, the initial and final body 'Wei;gh.t)‘.\llfr?
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recorded. At the end of the experiment blood
samples were collected for determination of ser-
um glucose; total pretein; albumen, cholesterol,
triglycerides, calcium, - phospherous, estradiol-
I7B(Ey) and testosterone. Livers were weighed
for calculation of HSI and histological sections
from intestine and livers:were. preparetienrocndocrine
2cpnqcluuiol1..A.‘Nov.cmbu.-'-5-9 1949,
The results revealed that body weight was-signifi-
cantly decreased in G, and G3. HSI was signifi-
cantly decreased in G3 and G4. There was a
marked increase in serum glucose level in G, as
compared to other groups while serum total pro-
tein, cholesterol, triglycerides, Ca and P were sig-

nificantly decreased in all groups as compared to

control

Serum E, was significantly increased in Gé but

significantly decreased in G4 as compared to
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control. However G4 showed a marked increase
in serum testosterone level as compared to other

groups .

Histological findings showed shortening in muco-
sal folds and reduction in absorptive vacuoles in
middle intestine beside vacuolation in hepatocy-
les in fish fed soybean diet. These tissues nearly
returned Lo its normal structure in Gy, which fed

L. carnitine added 1o the diel.

It was concluded that partial replacement of fish-
meal by soybean had an adverse effect on body

weight, some serum metabolites, sex steroids and

normal morphology of liver and intestine, The re-

sults recommend addition of L, carnitine to fish
diets to improve body weight and reduce the ad-

verse effects-on hepatocytes and intestinal muco-

si! these deleterous eifects

INTRODUCTION

Fishmeal has traditionally been a major ingredi-
ent in fish feeds because of its protein quality and
palatability (Lovell, 1984), However, increasing
demand, high cost and uncertain availability of
fish meal (Barlow, 1989) have resulted in re-

scarchers studying alternative sources, parliculzir-

ly plant proteins to replace fish meal in the dict of

- a number of freshwater fish species (Dabrowsk;j

et al., 1989; Shiau et al., 199¢ and Robinson apq
Li, 1994). Among plant proteins, soybean mey| is
~ the most promising candidatc for partial or (o
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replacement of fishmeal in fish diets, A CONSide.
able amount of fishmeal in the diet could |y, .
placed with soybean meal in omnivorous freshw,.
ter species, such as carp, tilapia and catfigh
(Mohsen and Lovell, 1990 and Webster ¢ al,
1992). Soybean has been recorded Lo contyjp con-
siderable amounts of disadvantageous compo-
nents, phytates and phytoestrogens (Eldridge,
1982 and NRC, 1993). Phytates interfere wijy,
phosphorus (P) absorption from fish gut by form.
ing unabsorbablc complexes. Two thirds of (he
soybcan phosphorus is in thc form of phytcs,
which has low availability in fish (Riche and
Brown, 1993). In addition, presence of phytic acid
in soybean meal seems to reduce the availability
of zinc, this cffect may be aggravated in the pres-
ence of excess dietary calcium (Galtin and Phil-
lips, 1989). Thus, total replacement of fishmeal
by varioi;s_ plant protein sources to reduce the P
level in fish diet has resulted in poor growth (Kim
et al,, 1995). Under such conditions it is necessary
o supplement the diets with an inorganic P sourcc
in order 10 meet the nutritional requirements. Phy-
toestrogens exhibit an cstrogenic potency 1000 to

10,000 limes less than cstradiol-17B but its high

concentration in the djet gave a strong eslrogenic

botency (Seichel, '9355- Any change from normal

Physiology is likely 1o be detrimental in some

manner. Thus, |he estrogenic contamination of
male or immature fig), by xenobiotic estrogenic
compounds would haye an impact on mcmbolAiSm
in thesc figh, This effect coulq have negative 1¢-

percussions on growth, health and reproduc-

Vcl.Med.d..Glza.Vol.53.N0.2(2005)
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on. Previous studics (Robaing ot al, 1998) hud

indicated  that phosphorus supplementation jy,-

oves histological alteration induceq i
prove g by feeding

dicts containing soybcin meal (o silthcad sey-
pream, Sparus aurata. Besides, subscquent (rans-
fcr of fish from the soybean rich diet 1o a control
(refrences diet) resulted in apparentiy ndrmul in-
estinal mucosa after 3 weeks in Atlantic salmon,
Salmo salar (Bacverfjord and Krogdahl, 1996).
The elfects ol soybean on morphological and
functional alterations in fish intestine were not
fully studicd in tilapia (O.niloticus) fed cxcess
soybean as replacement fish meal. Accordingly,
this work aimed to study the possibility of reduc-
ing the enteritis induced by soybean by addition
of potassium dihydrogen phosphate and L. caini-

line.

Vel.Med.J. Giza. Vol.53.No.2(2005)

MATERIAL AND METHODS

Iish:

Eighty, sex reversed male Tilapia nilotica [lish
were transported from private fish farm to the la-
boratory in Faculty of Veterinary Medicine Kafr
EI-Sheikh. Fish were acclimated for two weceks
and then allocated into four groups (20 fish of 17
+ 2 g individual b.awt cach) in, well acrated, ther-
mostatically controlled temperature at 22°C, rec-
tangular glass aquaria of 160 litre walter capacity

cach.
Feeding: Fish were fed on dicts as 5% ol body

weight Tor all groups. Dict composition was as in

Table (1).
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Table (1): Dict composition fed to Til

o e A e e
apia niloticil fish grouj

or Wheat | Vitamins | Mineral K,
Fish Soybean | Corn . Y mixture % 4
Group Number meal % | meal % % Z
; 14 1.0 1.0 .
G control 40 ) H 0 3
2930 ¢

1.0 ¥

1.0 066 [ 8477
Gy 830+ KHy PO4 + L. carnitine 28 12 15.92 A 2
830 = Soybean replace 30% of fishmeal
KIhPO4 = Polassium dihydrogen phosphate

L.carnitine was added 10 G 4 as 150mg/kg ration.

The diets were processed by blending the dry in-
gredients into a homogenous mixture, then made
into paste by adding 30% water. The moist feed
mixture was passed through a meat grinder, brok-
en into pellets and dricd in an air-forced oven at
60°C for 4 h to reduce the moisture 1o approxi-
mately 10 %.All feeds were packed in plastic
bags and stored at 5C according to Boonyaratpal-
inctal. (1998).

Initial weight of fish was recorded after acelima-
ization period and then the fish were weighed
weekly along the experimental period (45 days)
to adjust the amount of feed provided to eacly lish

aroup.

Sampling:
A. Blood samples:
Blood samples were collected from ¢

audal bloey

vessels ol cach fish group at the end of the exper-

398

- Phorus was measured

iment. Scrum samples were separated for bio-

chemical and hormonal analysis.

L. Biochemical analysis:

Commercial kits from bioMericux were used (o
measure colorimetrically scrum glucose (Yeung,
2001), total protein (Peters, 1968), Albumin
(Drupt, 1974), cholesterol (I'rinder, 1969), Tri-
glycerides (Jucobes and Van Demark, 1960), and
ionized calcium (Gindler and King, 1972). Phos-

photometrically (Henry.
1964),

2. Hormone ASsay:

Scrum estradiol-17[3 (Bs) (pg/ml) and testoste”
rone (ng/ml) were measured by Enzyme linked-
immunosorben assay kits (ELISA) according ©

Raleliff and Carter (1988) and Odell and Swerd-
lofT (1987).

Vcl.Mcd.d..Gizu.VoI.53.No.2(2005)
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. Histological samples:

Al the end of the experimental period, four figl
ere sampled Tor histological studieg lrom cacl)
iish group. T he abdominal cavity wag opened
Jlong the ventral midline. The intestine wag carc-
fully dissected out, and a ring of approximately |
cm in length was cut from the middle of this in-
“estinal scgment. The ring of intestine was cu
open, and after carelully removing any intestinal
contents, the sample was immersed in neutral
phosphate-bulfered formalin according to Bae-
verljord and Krogdahl (1996). Livers were exteri-
orized, weighed to calculate hepatosomatic index
(HSD) and then

fixed in neutral. phosphate

t

bul'l'grcd lformalin, After fixation the samples
were dehydrated in cthanol, cquilibrated in xy-
lene and embedded in paralTin according to rou-
line techniques, Scctions of approximately St
thickness were cut and stained with hacmatoxylin
and cosin (H & E).

Statistical analysis: All data were subjected to
statistical analysis according 1o Snedecor and Co-
chran (1950) using once wiy ANOVA test. Treat-
ments were compared by the teast significant dil-

ference test (LSD). -

RESULTS

Tablc (2): Effcct of partial replacement of fishmeal by soybean on final body weight and HSI

of juvenile male Tilapia nilotica fish.

Initial body Final body
Groups Number S FETEhC(E) l-lSl‘
G|: control 19.15 £ 0.67A 43.37 £ 0.37A 0.021 + 0.0008"
Gy: ‘530 19.07 £ 0.41A 32.45+0.390 | 0.018 +0.00058
Gy S39.+ KHy PO, 18.97 + 0.80A 37.42 +0.8 I‘C 0.017 £ 0.00048
mm + KHs POy + L. carnitine 19.25 ,—_t 0.99A | 40.60 £ 0.888 0.0106 4 0.00038

530 = Soybean replace 30% of fishm
Lcamitine added to the ration (150mg/ke)

: . . . are not
Values with the same latter in each column 4f

Vel.Med.y, Giza. Vol.53,N0.2(2005)

cal Kl Izl’O I added to the ration
. -

siguil'ic;znll)’

(8.:12%)

Valucs are mean -+ Sk

differentat I < 0.01

399

CamScanner



https://v3.camscanner.com/user/download

b Ca t 1 i | 10 as S19-
l.‘ ‘ ( ) “ ] l I .ll, I"‘lul bOdy \VC\l‘bhl \VL‘S ols ' | }I -‘ | I ll | | '

| J i “Icll“ll :ﬂ".‘: J mh‘l) »‘0' Uh “,C " .\l ” , '.
"il‘] Al ” res -(\d i]l 'l” l'i&\'l] ‘l'cd h‘oybbﬂn (.;() /() D"Iy(..CII(lL., C '. { l’yh | ; '
‘ \ (- C"I“ly dCCI'CZlSC(I 'm tl“” ?l@u‘l)h M C( )Inl);“' l [U

control with a pronounced reduction there levels

in G4. Serum E; level was significantly increyg

tine induced a significant increase in final body

weight as compared to Go. HSI was significantly . | comificantly d

(P < 0.01) decrcased in all groups as compared 10 there levels in Gy but significantly decreageq j,

as compared with control -group. Howey

control. G, as compared w1 group er, G,
showed a marked incrcase in serum (estosterone

y : : o as ar other groups.

There was a marked increase in scrum glucose  level as compared (o grouij

level in Gy as  compared to other groups.

- i " . . . e, e Hoe Ca DI
Fable (3): Effect of partial replacement of fishmeal by soybean on some serum metabolites, Ca, P, Ly

and testosterone of juvenile male Tilapia nilotica fish.

| listrogen |
G ititor Glucose | T prot. | Albumin | Cholest. Triglyc. Ca P '\“L(:’S‘-“ [Testosteron
Fori SNumbGT mg/ll ‘gl Al mg/di mg/dl | mg/dl mg/dl l 2 ng/ml
{ pg/ml
Gy control 101.25C | 4438 | 1478 1203757 | 147500 | 12,690 | 31230 | 50825C | 0.555C
i o R t 1 + + + i + +
1.43 004 | 0.4 2.46 304 016 { s 0.3 0.017
G2 S5 97.25C | 3808 | 1.770C | 151008 | jag B 1073C | 2041C |1013.50A  0.400
+ + + + 4 E n +
0.85 0.11 | o009 8.37 326 | o2 0.39 21.89 0.026
B B ' ‘ 5 |
G3830+KHp POy | 106758 | 4.00B | 2,124 | 32,008 130.508 | 11.12C | 53998 . 721758 | 0.6688
Ij;)’i‘ ()j(:)9 0?)4 p p * s | oz "
65 | o . 2 440 4 oos | oos | oqre | oo
. Q » { . ) ; —_— |
Gy 830 + Kl POy 138.00A | 3.42C | 166C | 159.00C 1456C | 1y st C D 9107
4 L. carnitine + + + ! - { - 0T 216y 316.50 G
= T + + 4 +
267 | 007 | oo ; * + + =
| 297 3 { 023 | 37 3.57 _(_)T_!
Values are mean + SE

Values with the same latter i cach column are noy significantly difrer
Aty different a p < 0,01
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The histological examination showed that, the in-

estinal tissue of the fish fed on soybean (S30)

had morphological changes represented iy, reduc-
ion of height of the intestinal folds (Fig. 2) ag
compared to the intestinal mucosa of fisp fed on
reference control diet (Fig. 1). Addition of the L,

carnitine 10 soybean diet reduced these changes

Fig. (1): The mucosal eplthellum of intestine male tilapia
fed control fish diet showing normal structure.
Note well developed enterocytes, containing
numerous absorptive vacuoles. (H & E x 100).
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meal diet showed normal structure

rangement of hepatocytes (H & E 100}

Vv
el‘Med-d..Giza.Vol.53.1\10.2(2005)

and tissuey appears nearly like that of control.

Hepatocytes of Gy showed vacuol

ation of cyto-
plasm (Fig, 4y, . carnitine

group had nearly sim-

tlar structure of hepatocytes 1o that of control
group (Fig. 3),

Fig. (2): Intestinal mucosa in male tilapia fed the dict
S30 soybean meal showing rcduction in the
number of absorptive vacuoles in the mucosal
cpithelium of intestine. Microvilli are not clear-
ly observed (H & E x 100).

Fig. (4): Liver of O. niloticus fed on soybean § 30 (Ga)
showed vacuolation of hepatocytes. (H & E «
100).
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DISCUSSION

Final body weight was significantly decrecased in
fish fed on soybean. This result was in agreement
with Du and Niu (2003) who recorded that, spe-
cific growth rate and conversion efficiency de-
creased with increasing dietary soybean meal.
Kikuchi (1999) found that, an increase of dietary
soybean meal from 30% to 40% resulted in re-

duced growth and food utilization, inclusion of

soybean meal as a substitute for fishmeal in the <

diet seemed to increase serum triglycerides and/

or glucose concentration in fish.

Soybean contain phytic acid which affects the ac-
tivation of trypsinogen and stability of trypsin
that digest proteins of food (Caldwell, 1992). In
addition, the phosphorus moiety of phytic acid is
poorly available to fish and phytic acid forms low

solubility complexes with divalent and trivalent

ions (Budavar et al., 1989).

The growth rate was reduced significantly when
50% of the fishmeal was replaced by soybean
meal introut diets (Alexis, 1990 and Booyaratpal-
in et al, 1998). In contrast, a considerable
amount of fishmeal in the diet could be replaced
by soybean meal in omnivorous freshwater fish,
such as tilapia, carp and catfish (Mohsen and Lo-
vell, 1990 and Webster et al., 1992), Robinson
and Li (1994) also indicated that soybean meg]
“could be used to completely replace fishmeal in

the feeds for channel catfish reared in carthern

402

ponds and fed daily to satiation. These CONtragi,.
tory results may be attributed to the diffcrenCCS
in fish species, the percentage of soybeq, e
placed, soybean treatment and/or the duratiop of
fecding (Boonyaratpalin et al., 1998). Protein g;.
gestibility was negatively correlated with trypsin
inhibitor activity. Unheated soybean meal hyq ,
high trypsin inhibitor activity. Feeding on 50y-
bean meal diminished growth rates,; decreased ip.
testinal trypsin activity and increasféd fecal excre-

. i
tion of protein and lipids in additi?n to the poor

 palatability of soybean meal (Befg Lea et al,

1989). \

The problems related to q§c the soybean meal in
fish diets have been ascﬁhﬁd to the presence of
various antinutrient facp&rs in soybean meal,
among them lectins undffprotease; inhibitors as
well as a variety of allergic proteins (Liener,
1994). Of these, lecting have been shown 10
cause hyperplasia and hyéértrophﬁy in rat small
intestine. (Pusztai, 1989) d adverse effects ot
enterocyte viability (Ishigyro et al., 1992). The
Protease inhibitors have heen shown to cause
substantial decrease in protein digestibility in Al-
lantic salmon (Krogdahl gnd Ol1i, 1994). The his
tological findings of th¢ present study (Fi'g- 2)in

ich s a - holium
which a decrease in iptestinal mucosal epithellV!

configuration angd a change in the absorp!ive P
lency of entergcytes was agreed with the prev”
ous studies and explain the decrease in find
weight of fish feqd on soyBe\un meal. Furthermo™®
the condition induced by di\t‘:t‘ary soybean meal it

\
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distal intestine of salmon wag classified g5 anon
infectious subacute enteritis, and Pathogenegis
involving immunological mechanismg wyg also

suggested (Baeverfjord and Krogdah|, 1996),

In the present work HSI wag significantly de-
creased in fish fed soybean with or without [,
carnitine. This result was in accordance with Ro.-
baina et al. (1998) who recorded that, a statistj-
cally lower values of HSI were observed in figh
fed with diet (S30 + P). The fatty acid composi-
tion of lipid from soybean could affect liver lipid
deposition in fish (Takeuchij et al.,, 1979). This
was supported by the histoloigical finding in the
present study in which vacuolation of cytoplasm
of hepatocytes was observed (Fig. 4). Phosphorus
supplementation significantly reduced HSI al-
though it doés not alter liver lipid deposition. Ro-
baina et al. (1998) attributed this reduction to al-
tered ‘lipid-and protein metabolism in fish fed
With other diets which had lower P availability
and subsequent higher liver lipid deposition, thus

increasing HSI values.

In the Present work there is a significant increase
n Serum glucose level with subsequent signifi-
Gt decreage ip serum total protein, albumin,
tholesterg) and triglycerides in Gy treated with L.
“iMitine accompanied with increase in final bo(f)’
Weight, 1, carnitine Has a coenzyme function In
the body. It acts as a vehicle for the,tranSPOYT of
long chain fatty acids through the inner mito-

‘ i 'dationo
thondrig) membrane to the site of beta OX!

Vet'Medvi.Glza.’Vol.53.No.2(2005)

thereby Promoting the oxidation of fatty acids
(Groth et al., 1998). Santuli et al. (1990) showed
an increase of the growth rate and an increase of
Protein content of the fry with increasing L. car-
Nitine concentration in the diet. Burtle's research
(1994) on the effect of . carnitine supplementa-
tion in the diet of channel catfish resulted in a
significant increase in growth, a reduction of lip-
id content in muscles and higher tolerance for
ammonia stress, the findings in hepatocytes of Gy
in the present study were in concomitant with
these results. L. carnitine leads to a protein-
sparing effect, which is shown in increased pro-
tein levels besides it reduced lipid levels in tis-
sues (Blum, 1993), It could be suggested that L.
carnitine decreased triglyceride and cholesterol
due to its entry as energy sources into mitochon-
dria thus spare glucose which increase in level on
expense of triglycerides and cholesterol. Replace-
ment of fish oil by soybean oil resulted in a high-
er liver lipid deposition and lower peroxidation
levels (Menoyo et al., 2004). Suslina (2003)
found a hypoglycemic effect of L.carnitine in hu-
xﬁan. This contradictory results may be attributed
to species variation or difference in dose, dura-

tion or age at treatment.

In the present study serum cholesterol, triglyce-

rides, Ca and P were significantly reduced in fish

fed soybean (S3p). These results are in consis-

tence with Sam et al. (2003) and Hege et al.
(2004) who recorded that, soyprotein significant-

ly decreased plasma triglycerides, total choleste.-

403
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vol, low density lipid (LDL) cholesterol and high
density lipid (HDL) cholesterol in rats. Besides, it
reduced cholesterol accumulation in liver of ham-
ster (Lin et al., 2004). Also, substitution of vege-
table protein for animal protein in the diet using
soy-based diets will lower cholesterol LDL and
triglyceride levels (Anderson et al., 1995). The
mechanism of lowering cholesterol and triglyce-
rides levels is uncertain and may be due to phy-
toestrogens in soybean, which exerts a salutary
effect on lipid profile similar to that of estrogens.
Furthermore, Robert and Resental (2000) report-
ed that, phytosterols in soybean compete with
cholesterol for inclusion in mixed micelles, a nec-

essary step for cholesterol absorption and so cho-

lesterol level declines.

Calcium absorption was correlated with both ser-
um E, and body weight in rats, hypoestrogenic
status may be the cause of the decrease in cal-

cium absorption in rats (Mariana et al., 2004).

Serum calcium and phosphorus was significantly
decreased in fish fed on S30 diets in the present
study (Table 3). These results agreed with Asgard
and Shearer (1997) who recorded that, soy-
concentrate-fed fish contained reduced whole
body Ca, Mg and P. Inadequate uptake of P led to
the inability of the fish to retain Ca and Mg.
However, whole body Ca and retention of P were
lower in fish fed the untreated SOy concentrate

compared to the phytase treated soy, whole body

concentration of Ca was correlated to P indepen-

404

dent on dietary treatment but the Ca: p Was gy

constant (Storebakken et al., 1998).

The reduction in serum Ca and P of fish feq on
soybean may be attributed to its phytate content
which interfere with P absorption and make com-
plexes with other divalent ions as Ca (Budavar

ct al., 1989).

Regarding serum Ej; in the present study, it is sjg-
nificantly increased in G, but significantly de-
creased in G4 (Table 3). The marked increase of
E, in G, was due to the phytoestrogens content
of soybean (NRC, 1993). Phytoestrogens exhibit
an estrogenic potency 1000 to 10,000 times less
than E, but its high concentration in the diet gave

astrong estrogenic potency (Stechel, 1985).

The estrogen receptor seems to have the lowes!
specificity among all the steroid receptors which
have been characterized. This probably explains
why the main effect observed as a sequence of
steroid and steroid |ike containing contamination
of the diet is an estrogenic one rather than andro-
genic or corticosteroidal one, even though diets
contain steroids from all these groups (Pelissero
et al., 1991a and Pelissero and Sumpter, 1992)
Moreover, the estrogens have effects that ar
tmore noticeable than androgens, because the liv-
er is one of the major target organs of these co™”
pounds. All estrogens or estrogen-like substancc®
are able, once in the liver, to act as stimulating

agents before, or instead of, being degraded. In

Vet.Med.J..Glza.Vol.53.N0.2(2005)
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(N CAses it has even.been argued thyt some of
(he enzymatic reactions in the liver ¢y, transform
2 weekly  estrogenic  compound ipe another
which is more potent (Eisenfeld et o, 1980). L.
carnitine was found to increase lestosterone pro-
duction in rats (Palmero et al,, 1990) and in syp.
fertile rams (Noseir and EL-Amrawi, 2001), this
explain the increase in testosterone in Gy supple-

mented with L. carnitine in the present study,

It was concluded that partial replacement of fish-
meal by soybean had an adverse effect on body
weight, some serum metabolites, sex steroids and
normal morphology of liver and intestine. Addi-
tion of L. carnitine at the above mentioned level
was needed to fish diets to improve body weight,
lipid profile and reduce the adverse effects of

Soybean on intestinal and hepatic tissues.
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