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ABS TRACT

A study was con ducted with the pur pose to as sess the ef fect of
a com mer cial pro bi otic and stock ing den sity on pro duc tive per-
form ance of Nile ti lapia (Ore chro mis niloti cus) fin ger lings. Fin-
ger lings were stocked in four 16.56-m3 aer ated con crete tanks at
two ini tial den si ties, low (50 fish/m3) and high (100 fish/m3) and
fed four times a day with a com mer cial food sprayed with 2.6 or
6.6 g/kg food of a com mer cial pro bi otic con tain ing strains of
Lac to ba cil lus aci do phi lus and Pe dio coc cus acidi lac ti cii, and in-
ac ti vated Sac cha ro my ces cere vi siae. Wa ter tem pera ture ranged
be tween 25.9 to 26.1 °C, dis solved oxy gen level was 4.95 mg/L
and pH value was about 6.9. Daily weight gain, fi nal weight and
body length, height and width were greater (P<0.05) in fish
reared at low den sity and added with 2.6 g/kg of pro bi otic. Spe-
cific growth rate was greater (P<0.05) in fish reared at low den-
sity with out pro bi otic and in fish reared at high den sity and fed
6.6 g/kg of pro bi otic. In clu sion of pro bi otic im proved (P<0.05)
feed con ver sion re gard less of stock ing den sity but the cost of
feed was sig nifi cantly in creased (P<0.05) by the ad di tion of 6.6
g/kg of pro bi otic. It can be con clude that the ad di tion of 2.6 g/kg
of pro bi otic im proved pro duc tive per form ance of ti lapia fin ger-
lings and ju ve niles rear ing at low den si ties with out a sig nifi cantly
in creas ing the cost of feed ing. Pro duc tive per form ance of fish
reared at high stock ing den sity could be suc cess fully im proved
with the ad di tion of 6.6 g/kg of pro bi otic.

Key words: Lac to ba ci llus aci dophi lus, stocking den sity,
growth, feed con ver sion.

RE SU MEN

Se rea li zó un es tu dio con el ob je ti vo de eva luar el efec to de la
adi ción de un pro bió ti co co mer cial y de la den si dad de cul ti vo
so bre el com por ta mien to pro duc ti vo de ale vi nes de ti la pia
(Orechro mis ni lo ti cus). Los ale vi nes fue ron sem bra dos en cua-
tro tan ques de con cre to de 16,56-m3 pro vis tos con sis te ma de
ai rea ción a dos den si da des ini cia les, baja (50 pe ces/m3) y alta
(100 pe ces/m3). Fue ron ali men ta dos cua tro ve ces al día con un
ali men to co mer cial as per ja do con 2,6 o 6,6 g/kg de ali men to de
un pro bió ti co co mer cial que con te nía ce pas de Lac to ba ci llus
aci dophi lus y de Pe dio coccus aci di lac ti cii, así como cé lu las
inac ti vas de Saccha romy ces ce re vi siae. Du ran te el es tu dio la
tem pe ra tu ra del agua va rió de 25,9 a 26,1°C, con un ni vel de
oxí ge no di suel to de 4,95 mg/L y un pH de 6,9. La ga nan cia dia-
ria de peso, el peso fi nal así como la lon gi tud, al tu ra y gro sor
del cuer po fue ron ma yo res (P<0,05) en los pe ces cul ti va dos a
baja den si dad y adi cio na dos con 2,6 g/kg de pro bió ti co. El cre-
ci mien to es pe cí fi co fue ma yor (P<0,05) en los pe ces cul ti va dos
a baja den si dad sin la in clu sión de pro bió ti co y en aque llos cul-
ti va dos en alta den si dad ali men ta dos con 6,6 g/kg de pro bió ti-
co. La in clu sión del pro bió ti co me jo ró (P<0,05) la con ver sión
ali men ti cia en am bas den si da des pero el cos to de ali men ta ción
se in cre men tó sig ni fi ca ti va men te (P<0,05) al adi cio nar 6,6 g/kg
del pro bió ti co. Se con clu ye que la adi ción de 2,6 g/kg de pro-
bió ti co me jo ró el com por ta mien to pro duc ti vo de los ale vi nes de
ti la pia cul ti va dos a baja den si dad sin un in cre men to sig ni fi ca ti-
vo en el cos to de ali men ta ción. El de sem pe ño pro duc ti vo de
los pe ces cul ti va dos a alta den si dad pue de ser me jo ra do con la
adi ción de 6,6 g/kg de pro bió ti co.

Pa la bras cla ve: Lac to ba ci llus aci dophi lus, den si dad de cul ti-
vo, cre ci mien to, con ver sión ali men ti cia.
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IN TRO DUC TION

Aq uac ul ture is the fast est grow ing food- producing sec tor
in the world at an av er age rate of 8.9% per year since 1970,
com pared with only 1.2% for cap ture fish er ies and 2.8% for ter-
res trial farmed meat pro duc tion sys tems over the same pe riod
[27]. Cur rently, the pur pose of the aq uac ul ture in dus try is to in-
crease growth and or sur vival per form ance, feed ef fi ciency,
and re sis tance of aquatic or gan isms, while re duc ing pro duc tion
costs [4].

Ti lapia (Ore chro mis niloti cus) cul ture has been grow ing
at an out stand ing rate dur ing the past two dec ades. As a re-
sult, the pro duc tion of farmed ti lapia has wit ness a 6- fold in-
crease dur ing the past 15 years, jump ing from 383,654 met ric
tons in 1990 to 2,348,656 met ric tons in 2006 [11, 12]. In ad di-
tion, there has been a grad ual shift in ti lapia cul ture from tra di-
tional semi- intensive to more in ten sive farm ing sys tems, lead-
ing to rear fish at high stock ing den si ties [6].

In aq uac ul ture, stock ing den sity is con sid ered to be one
of the im por tant fac tors that af fect fish growth, feed utili za tion
and gross fish yield [18]. Even though the full utili za tion of
space for maxi mum fish pro duc tion through in ten sive cul ture
can im prove the prof it abil ity of the fish farm, sev eral stud ies
have in di cated an in verse re la tion ship be tween the stock ing
den sity and growth rate of ti lapia fin ger lings, caused by vol un-
tary ap pe tite sup pres sion, more ex pen di ture of en ergy be-
cause of in tense an tago nis tic be hav ioral in ter ac tion, com pe ti-
tion for food and liv ing space [8] and in creased stress [22].
Also, the re la tion ship be tween feed con ver sion ra tios and sur-
vival rates of the fish and stock ing den sity is not found con sis-
tent [10, 23].

On the other hand, pro bi ot ics can be an al ter na tive to re-
duce the use of chemi cal agents. In aq uac ul ture pro bi ot ics
have been de fined as ‘‘ mic robial cells that are ad min is tered in
such a way to en ter the gas tro in tes ti nal tract and to be kept
alive, with the aim of im prov ing health’’ [13]. Be yond their ac-
tion in im prov ing the im mune sys tem, pro bi ot ics im proved the
growth rate of Nile Ti lapia un der stress fac tors such as stock-
ing den sity [17].

The use of pro bi ot ics in aq uac ul ture is now widely ac-
cepted with an in creas ing de mand for en vi ron ment friendly aq-
uac ul ture. Nowa days, a number of prepa ra tions of pro bi ot ics
are com mer cially avail able and have been in tro duced to ti lapia
farm ing as feed ad di tives, or are in cor po rated in pond wa ter [2,
14, 29]. The aim of this study was to as sess the ef fect of a
com mer cial pro bi otic on growth per form ance of Nile ti lapia fin-
ger lings and ju ve niles rear ing at dif fer ent stock ing den si ties.

MA TE RI ALS AND METH ODS

A 120 days (d) ex peri ment was con ducted from Oc to ber
2011 to Feb ru ary 2012 in Jala Aq uac ul ture Cen ter (19°04’35?

N; 103°53’24? W), lo cated in the State of Co lima, Mex ico.
Male Nile ti lapia var. Stir ling (Oreo chro mis niloti cus) fin ger-
lings with an ini tial av er age weight of 0.95 ± 0.04 g were
stocked in four 16.56-m3 aer ated con crete tanks sup plied with
a wa ter flow- through sys tem, at two ini tial den si ties: low (50
fish/m3) and high (100 fish/m3). Stock ing den si ties were re-
duced to 25 and 50 fish/m3, re spec tively, af ter the first eight
weeks of the test.

Two com mer cial feed (crude pro tein 53%, crude fat
15%, flour, semi- floating, par ti cle size <0.35 mm) and (crude
pro tein 44%, crude fat 15%, ex truded, float ing pel let size 1.5
mm) were of fered the first six weeks and the last nine week of
the trial, re spec tively. Both was sprayed with 2.6 or 6.6 g/kg
food of the com mer cial pro bi otic FloraMax- B11® (Pa cific Vet
Group, Ar kan sas, USA), in tended to use in poul try and con-
tained strains of Lac to ba cil lus aci do phi lus and Pe dio coc cus
acidi lac ti cii, skim milk, fructo- oligosaccharides and in ac ti vated
Sac cha ro my ces cere vi siae. In or der to avoid pro bi otic di lu tion,
food was stored for five d prior to ad mini stra tion.

Four treat ments were de signed (T1) group fed a com-
mer cial diet reared at low stock ing den sity; (T2) group fed a
com mer cial diet added with 2.6 g/kg of pro bi otic reared at low
stock ing den sity; (T3) group fed a com mer cial diet reared at
high stock ing den sity, and (T4) group fed a com mer cial diet
added with 6.6 g/kg of pro bi otic reared at high stock ing den-
sity. Ti lapia groups were fed four times a d (10:00, 12:00,
14:00, and 16:00 h). Ini tial daily feed ing rate was about 10% of
to tal bio mass, and was pro gres sively re duced to 5.0, 3.5 and
2.0% of to tal bio mass per d in sub se quent feed ing times.

Wa ter tem pera ture dur ing the ex peri ment ranged be-
tween 25.9 to 26.1 °C with pho to pe riod of 11.48 h light and
12.12 h dark ness. The dis solved oxy gen level was 4.95 mg/L
and the pH value was about 6.9. Wa ter sam ples were daily
ana lyzed for to tal am mo nia ni trite, ni trate and pH lev els us ing
a pho tome ter (Aq ua Man ager, YSI 5200A, Greece) to ad just
the ap pro pri ate wa ter qual ity pa rame ters for ti lapia cul ti va tion.

Thirty- five fish were fort nightly sam pled from each treat-
ment to de ter mine body weight, length, height and width. Ad di-
tion ally, spe cific growth rate (SGR), daily weight gain (DWG),
feed con ver sion ra tio (FCR) and feed cost per kilo gram gain
(FCK) were cal cu lated as El- Sayed et al [11]:

SGR = (ln fi nal weight – ln ini tial weigth) * 100 / Time

DWG = Weight gain / Time

FCR = Feed given / Weight gain

FCK = FCR * Feed cost

Ini tially, Leve ne’s test was used to evalu ate equal ity of
vari ances. Sub se quently, as sum ing une qual vari ances
(P<0.05, Levene´s test), data were ana lyzed us ing a one- way
analy sis of vari ance fol lowed by Dun nett´s T3 post hoc test,
set ting the al pha level at 0.05. The sta tis ti cal com puter soft-
ware SPSS was used in data analy sis [26].

181

_____________________________________________________________Revista Científica, FCV-LUZ / Vol. XXIV, Nº 2, 180 - 184, 2014



RE SULTS AND DIS CUS SION

Fi nal weight and body length, height and width were
greater (P<0.05) when the fish were reared at low stock ing
den sity and fed 2.6 g of pro bi otic. Ad di tion of 6.6 g of pro bi otic
al lowed fish stock ing at high den si ties over come body width
and also, equaled fi nal weight and body length and height of
fish reared at low den sity with out pro bi otic (TA BLE I).

Spe cific growth rate was greater (P<0.05) in fish reared
at low den sity with out pro bi otic and in fish stock ing at high den-
sity and fed 6.6 g of pro bi otic, whereas daily weight gain was
greater (P<0.05) in fish reared at low den sity and added with
2.6 g of pro bi otic. Ad di tion of 6.6 g of pro bi otic al lowed fish
reared at high den si ties equaled daily weight gain of fish stock-
ing at low den sity with out pro bi otic. In clu sion of pro bi otic im-
proved (P<0.05) feed con ver sion re gard less of stock ing den-
sity, while in no pro bi otic sup ple mented groups, feed con ver-
sion was not af fected (P>0.05) by stock ing den sity. Cost of
feed was sig nifi cantly in creased (P<0.05) by the ad di tion of 6.6
g of pro bi otic (TA BLE II).

Ac cord ing to Ja tobá et al. [16] Nile ti lapia ju ve niles fed a
pro bi otic (Lac to ba cil lus plan ta rum) sup ple mented diet showed
sig nifi cantly higher val ues for fi nal weight and feed ef fi ciency.
Like wise, ti lapia ju ve niles fed pro bi otic bac te ria (Lac to ba cil lus
rham no sus) im proved growth per form ance and feed ing ef fi-

ciency ra tio com pared to ani mals fed with nor mal diet [14]. On
the con trary, Meurer et al. [20] did not find an in crease in
weight gain for ti lapia fed a live cells Sac cha ro my ces cere vi-
siae pro bi otic.

The ad mini stra tion of a pro bi otic bac te rial diet to ti lapia
is of ten re ported as be ing re spon si ble for in creas ing growth
rates, feed con ver sion ef fi ciency, and nu tri ent ab sorp tion. In
some cases this bene fi cial ef fect was at trib uted to the ca pac ity
of the pro bi otic to stimu late and or pro duce some en zymes on
the in tes ti nal tract. Lara et al. [17] ob served a high ac tiv ity of
al ka line phos phatase when pro bi ot ics were ad min is tered in
the diet; and that this high ac tiv ity re flected a pos si ble de vel-
op ment of brush bor der mem branes of en tero cytes, stimu lated
by the pro bi otic, which can be an in di ca tor of car bo hy drate
and lipid ab sorp tion and ex plain the higher weight gain and
the bet ter feed con ver sion. Other stud ies in di cate that lac tic
acid bac te ria pro duce lac tic acid in the in tes ti nal lu men of the
host and may acid ify the di ges tive tract. This acidi fi ca tion of
the di ges tive tract might con trib ute to die tary acidi fi ca tion and
im prove the solu bil ity and up take of min er als and ac cord ingly
im prov ing feed ef fi ciency [24, 25]. Fur ther, a pro bi otic may
pro duce a posi tive ef fect in wa ter qual ity when this gen er ate a
bet ter or gan ism di ges tion, which re duces the nu tri ent ex cre-
tion (pro tein prin ci pally) to pond wa ter and while gen er at ing a
bet ter growth of the cul tured aquatic or gan isms [2].
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TA BLE I
EFFECTS OF PRO BIO TIC ADDI TION AND STOCKING DEN SITY ON FI NAL WEIGHT AND BODY

MEA SU RE MENTS OF NILE TI LA PIA (Oreochro mis ni lo ti cus) FIN GER LINGS

Parameter T1 T2 T3 T4

Final weight (g) 55.49 ± 3.73bc 93.66 ± 5.05a 40.25 ± 2.31c 61.12 ± 2.10b

Body length (cm) 14.10 ± 0.16bc 17.50 ± 0.47a 13.29 ± 0.24c 15.18 ± 0.17b

Body height (cm) 4.47 ± 0.07bc   6.00 ± 0.17a   4.28 ± 0.10c   4.88 ± 0.08b

Body width (cm) 2.20 ± 0.03c   2.97 ± 0.10a   2.11 ± 0.05c   2.51 ± 0.04b

T1= Low stocking den sity- without pro bio tic, T2= Low stocking den sity-2.6 g pro bio tic, T3= high sto king den sity- without pro bio tic, T4= high stocking
den sity-6.6 g pro bio tic.
abc Means in the same row with diffe rent su pers cripts are sig ni fi cantly diffe rent ( P<0.05).
Mean ± stan dard error.

TA BLE II
EFFECTS OF PRO BIO TIC ADDI TION AND STOCKING DEN SITY ON SPE CI FIC GROWTH RATE, DAILY WEIGHT GAIN, FEED

CON VER SION RA TIO AND FEED COST PER KI LO GRAM (FCK) OF NILE TI LA PIA (Oreochro mis ni lo ti cus) FIN GER LINGS

Parameter T1 T2 T3 T4

SGR (% /day) 3.07 ± 0.06a 2.47 ± 0.09b 2.42 ± 0.06b 2.87 ± 0.04a

DWG (g/day) 0.44 ± 0.03bc 0.77 ± 0.04a 0.32 ± 0.02c 0.50 ± 0.02b

FCR 1.70 ± 0.11a  0.78 ± 0.25bc 1.10 ± 0.17ab 0.67 ± 0.03c

FCK (US Dollars) 2.40 ± 0.33b 2.62 ± 0.38b 1.70 ± 0.12b 4.29 ± 0.18a

T1= Low stocking den sity- without pro bio tic, T2= Low stocking den sity-2.6 g pro bio tic, T3= high sto king den sity- without pro bio tic, T4= high stocking
den sity-6.6 g pro bio tic.
SGR= Spe ci fic growth rate, DWG= Daily weight gain, FCR= Feed con ver sion ra tio, FCK= Feed cost per ki lo gram.
abc Means in the same row with diffe rent su pers cripts are sig ni fi cantly diffe rent (P<0.05).
Mean ± stan dard error.



As has been pre vi ously de scribed, in creas ing stock ing
den sity re sulted in a sig nifi cant re duc tion in ti lapia spe cific
growth rate [14, 21]. This is con sis tent with the find ings of this
study among fish reared with no ad di tion of pro bi otic. How ever
pro bi otic ad di tion al lowed that fish reared at high den si ties
over come feed con ver sion and equaled fi nal weight, daily
weight gain of fish reared at low den sity with out pro bi otic. A
pre vi ous stud ies showed that among both crowd stressed and
un stressed fish, pro bi otic ad mini stra tion im proved fi nal weight,
daily weight gain, and spe cific growth rate but did not im prove
feed con ver sion in fish rear ing at high stock ing den sity, as hap-
pened in the pres ent study [14]. An other study [19] in di cated
that pro bi otic ad di tion in creased growth per form ance and feed
con ver sion of ti lapia fin ger lings reared in a in ter me di ate stock-
ing den sity (30 fish/m3) com pared with no sup ple mented fin ger-
lings stocked at low den sity (10 fish/m3), with no ef fect on fish
stock ing at high den si ties (50 and 60 fish/m3).

Lower growth per form ance and food utili za tion of ti lapia
at higher stock ing den sity could have been caused by so cial in-
ter ac tions through com pe ti tion for food and/or space. Higher
stock ing den si ties lead to in ten si fied stress that re sult in in-
creased en ergy re quire ments caus ing a re duc tion in growth
rates. Meta bolic en ergy is shifted to ward ac tivi ties closely
bound to ho meo static re cov ery in det ri ment of in vest ment ac-
tivi ties, such as growth or re pro duc tion [3, 5, 9]. Moreo ver, Yi
et al. [28] and Huang and Chiu [15] ar gued that ti lapia is a ter ri-
to rial and ag gres sive fish so that the den sity ef fect on growth
might be ex plain able by their com pe ti tion for ter ri to ries, as well
as the per ma nent stress caused by crowd ing. Also, in crease in
stock ing den sity may cause de te rio ra tion in wa ter qual ity, re-
sult ing in stress ful con di tions [9].

On the other hand, as hap pened in this study at low
stock ing den si ties, lack of com pe ti tion for food and/or so cial hi-
er ar chy can lead to de creased feed utili za tion ef fi ciency. In this
case, the dif fi culty of trac ing food par ti cles may have led to the
re duc tion of feed con sump tion, and to the flush ing of un eaten
food with the drain age wa ter, caus ing the de te rio ra tion of feed
utili za tion ef fi ciency [7].

Stock ing den sity did not af fect body length of fish reared
with out pro bi otic sup ple men ta tion, which is con trary to that ob-
served by Abdel- Hakim and Mous tafa [1]. These authors
showed that there were slight but in sig nifi cant de creases in
body length with in creas ing stock ing den sity from 80 to 100 or
120 fish/m3. How ever, they found a sig nifi cant de crease in
body length of fish stocked at 140 fish/m3.

CON CLU SION

Ad di tion of 2.6 g of pro bi otic im proved growth per form-
ance of ti lapia fin ger lings and ju ve niles reared at low den si ties
with out in creas ing sig nifi cantly the cost of feed ing. Pro duc tive
per form ance of fish reared at high stock ing den sity could be
suc cess fully im proved with the ad di tion of 6.6 g of pro bi otic.
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