@ESEARCH ARTICLE ScienceAsid4 (2008) 353-360
doi: 10.2306/scienceasial513-1874.2008.34.353

Use of phytase to improve the digestibility of alternative
feed ingredients by Amazon tambaquiColossoma
macropomum

L.C. Nwanna**, C.A. Oishi®, M. Pereira-Filho"

a Department of Fisheries and Wildlife, Federal University of Technology, PMB 704, Akure-Nigeria
> CPAQ/INPA, CP 478, 60.083-000, Manaus, AM, Brazil

* Corresponding author, e-madrlu2001@yahoo.com
Received 22 Feb 2008
Accepted 21 Nov 2008

ABSTRACT: The study assessed the effect of phytase on the digestibility of alternative plant feed ingredients Brazil nut
(Bertholletia excelspand leucaenad gucaena leucocephgléeaf meal fed to tambaquCplossoma macropomyrand on

fish growth. Five treatments were used: UPI denoted the negative control diet with unfermented plant ingredients; UPIP was
positive control diet with unfermented plant ingredient supplemented with 3 g/kg phosphorusR@H-PI indicated

diet with fermented plant ingredients; FPIPT1 denoted diet with fermented plant ingredients supplemented with phytase
4000 U/kg; and FPIPT2 was diet with plant ingredients fermented together with phytase 4000 U/kg. Chromic oxide was
added to the diets as inert marker for digestibility study. The diets were fed to juveniles of tambaqut 678.9) to
satiation twice daily in recirculation systems for 56 days. Results indicated high and better digestibility of protein and lipid
by fish fed diet with phytase, which resulted in a corresponding better fish growth. Growth rate of the fish was high and
increased from initial weight of 70 g to 132 g almost doubling the initial weight. No significant differences were found

in weight gain, specific growth rate, and feed conversion ration, but performance was better in fish fed diets with phytase.
The fish grew well in low dissolved oxygen levels of 4.23—4.34 mg/l, pH of 5.80-5.91 and high ammonia concentration of
1.76-2.17 mg/l without compromising growth and physiological functions.

KEYWORDS: alternative plant feed ingredients, fish growth

INTRODUCTION pod and shells of individual nuts before exportation.
The discards make up the Brazil nut residue meal.
In Manaus Brazil, the soil conditions are unsuitable  Another potential alternative feed ingredient in
for mass production of arable crops resulting in shortManaus is leucaena leaf meal. Leucaebautaena
age of grains, corns, and soybean meal conventionallgucocephaliis a tropical forest legume rich in pro-
used in fish and animal feetls Consequently, these tein and is used as a protein supplement for ruminants
essential ingredients are purchased from other regiofesi on poor quality roughages such as maize stober
with high transportation costs, leading to high cost oThe foliage is highly digestible (60-70%)and its
fish feeds and fish production. At the same time, thedeaves (dry weight) contain 21% crude protein, 18%
are considerable quantities of by-products from troperude fibre, 8% ash, 6% fat, and 46% total digestible
ical fruits processing plants which can be convertedutrients?.
into fish feed$. One such by-product is the residue  The tambaqui Colossoma macropomuguvier,
meal from Brazil nutBertholletia excelspprocessing 1818) is a popular food fish of the Amazon basin,
plants. The Brazil nut is found throughout the Ama-and is well known in Brazil, Colombia, Peru, and
zon rainforest in Brazil, Peru, Colombia, Venezuelayenezueld?. This widespread popularity and the bio-
Ecuador, and Bolivid It is high in essential fatty logical characteristics (fast growth, big size, low water
acids’, amino acid4°, zinc, vitamin A and E, and quality tolerance, and disease resistance) have made it
seleniun®, an important antioxidant. The Brazil nut isone of the indigenous species with the most potential
used to produce oil, soaps and shampoos, and for the aquaculture development within Latin American
cosmetic industries It therefore carries a high value tropical fresh waters® 14, This fish has been cultured
in international markets and is usually exported to thaen mono- and polyculture systems in earthen ponds
US and Europ& The nut is processed by breaking thesince the 1970s with food varying from agricultural
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by-products (maize, palm nut cake, peach palm meathble 1 Nutrient compositions of Brazil nut and leucaena
to commercial poultry feed§™’. Including leucaena leaf meals.
leaf meal in the diet of tambaqui increases grotfth

b . ) ‘ ) ? ’ Brazil Leucaena
S_|m|_larly, |nclud|_ng B_ra_zﬂ nut reS|d.ue meal in the fish nut meal leaf meal
diet increases digestibility of the diet and growth Crod Py 227 210

Phytase is known to improve nutrients digestibil- rude protein (%) | :
. : 0-22 e Crude fat (%) 48.8 3.5
ity and fish growtii%22, However, there is little infor- Ash (%) 53 6.1
mation on the effect of phyFase .or.llBraziI nut residu@ e fibre (%) 4.9 12.0
and leucaena leaf meal digestibility and growth offree extract (%) 16.0 48.6
tambaqui. Most of the plant feed ingredients contaiphosphorus (mg/g) 23.8 3.5
bound phosphorus in form of phytate which is notCa (mg/g) 6.06 17.6
available to fish because they lack the enzyme phytasty (mg/g) 13.4 4.9
to digest it. Phytic acid chelates divalent and trivalen (mg/g) 19.7 18.0
cations such as iron, zinc, magnesium, copper, afé (mg/g) 20 0.2
calcium and this results in a decreased bioavailabilitgIn (n9/g) 50 9.3
of the minerals and ultimately leads to poor animal® (”9;9) 1?[05 zgg'g
growth?®. Phytases are acid phosphatase enzymes j} (ho/0) '
L . . . u (na/g) 49.3
the histidine acid phosphatase family that can I'berArginine (9/16 g N) 14.9 220
ate inorganic phosphorus from ghyt%ﬁeand other istidine (9/16 g N) 292 0.72
bound minerals. Previous studfég® have shownthat |soleucine (g/16 g N) 238 2 44
phytase works best when the plant feed ingredientsucine (g/16 g N) 6.75 3.02
are pre-treated. Therefore the present study assessgsine (g/16 g N) 2.94 2.37
the effect of phytase on the digestibility of Brazil nutMethionine (g/16 g N) 6.52 0.58
residue and leucaena leaf meal based diets, and on ffeenylalanine (g/16 g N) 3.74 1.89
growth of tambaqui. Threonine (g/16 g N) 2.86 1.94
Tryptophan (g/16 g N) 2.36 0.31
MATERIALS AND METHODS Valine (g/16 g N) 4.02 2.31
Preparation of plant feed ingredients Proximate compositions from the present study. Mineral

] ] ) ) ) composition of Brazil nut meal after Red.and its amino
The two alternative plant Ingredlents used in the diets acid composition after Re28. Mineral and amino acid

were leucaend gucaena leucocephgleaf meal and compositions of leucaena leaf meal after R29.
Brazil nut Bertholletia excelspmeal. Leaves of leu-
caena were harvested from trees around the Instituto

Nacional de Pesquisas da Andaiza (INPA), dried at  gpqyt 24.9% of the total feed ingredients. UPI stands
60°C in an oven for 48 h, and blended into powdery, the negative control diet with unfermented plant
form as the meal. The discards of Brazil nuts werg,gredients. UPIP denotes the positive control diet
collected from a processing plant. These were thgith unfermented plant ingredient supplemented with
small parts of the nuts chopped off during processing g/kg of phosphorus (Naj0,). FPI is the diet with
The discards were blended into granules as the Bragiimented plant ingredients. FPIPT1 denotes a diet
nut residue meal. The defatted soybean meal Wggih fermented plant ingredients supplemented with
purchased from food vendors in Manaus. The meajs,yiase 4000 U/kg. FPIPT2 is the diet with plant in-
were analysed for their proximate composition usingedients fermented together with phytase 4000 U/kg.
described methodé. The nutrient compositions of The phytase with activity of 5000 U/g was provided by
the leucaena leaf meal and Brazil nut residue meal aggimal Health, SSP 300 Cravinho&&Paulo, Brazil.
presented ifable 1 The process of fermentation of all plant ingredients
was as follows: 1.5 | of warm water (50°C) was
mixed with 1 kg of the blended plant ingredients in
Five diets designated as UPI, UPIP, FPI, FPIPTIplastic containers with covers and allowed to stand
FPIPT2 were formulated so as to contain 36% proteirior 15 h3% 3! before mixing with the other ingredients
with plant feeds (defatted soybean meal, Brazil nufTable 2 prior to pelleting. Gross energy of the
meal, leucaena leaf meal, and yellow maize) makindiets was calculated using values of 23.0, 38.1, and
up 59% of the total protein and about 75% of the total 7.2 kJ/g for protein, lipid, and carbohydréte Note
feed. Fish meal made up 40.6% of the total protein arthat plant feed as used in this text means all the

Diets preparation

www.scienceasia.org


http://www.scienceasia.org/2008.html
www.scienceasia.org

ScienceAsi&4 (2008) 355

Table 2 Gross composition of experimental diets. venile tambaqui were harvested from INPA fish farm

Ingredients: Diets and acclima_tized for one mont_h before the experiment.
Then, 180 fish of a uniform size (70406.3 g) were

(g/kg DM) UPI UPIP  FPI FPIPT1 FPIPT2 \ejghed individually and grouped into 12 fish per tank

Fish meal 225 225 225 225 225 according to the five treatments. The fish were fed to

(65% CP) satiation twice daily between 09:00-11:00 and 16:00—

Soybean meall 400 400 400 400 400 18:00 six days a week for 56 days. The weight of

(56% CP) the fish was measured bi-weekly and used to calculate

Brazilnutmeal =~ 146 146 146 146 146 the weight gain, specific growth, and feed conversion

(22.7% CP) ratio. The specific growth rate (SGR) was calculated

Leucaena leaf 100 100 100 100 100 from

meal (21% CP)

Soybeanoi 800 600 600 600 600 sGRo lafinalweight — Infinital weight

Vitamin-mineral 250 25.0 25.0 250 25.0 culture period

premix

DL- Methionine 0.40 040 0.40 0.40 0.40 The feed conversion ratio (FCR) was calculated as

Lysin-HCI 145 145 145 145 1.45 weight of feed fed divided by the fish weight gain.

Chromic oxide 500 5.00 5.00 5.00 500 The condition factor K) was calculated usingl =
Phytase (Ouro 0.00 0.00 0.00 0.80 0.80 [(ﬁsh Weighy/(fish |engthﬂ .

Fino)

NaH,PO, 0.00 15.0 0.00 0.00 0.00

Chemical composition: Digestibility measurement

Protein (%) 43.3 443 441 442 43.4 Each of the diets contained 0.5% chromic oxide

Lipid (%) 177 189 171 179 197 (Cr,0,) as indigestible marker. Faeces were collected
Crude ash (%) 9.2 107 97 97 93 from the settling tube attached to the bottom of the

Crudefibre (%) 44 41 47 49 38 500 | cylindrical fibre tanks between the 5th and 7th

Nitrogen free 254 223 244 233 238 \yoeks for 9 days. Faeces were collected from each
extract (%) of the 15 tanks representing the five treatments (3

Gross energy 21.07 21.23 209 20.99 21.58

(kJ/g)
pH 6.02 657 6.04 5.95

replicates per treatment). The faeces were collected in
5gg Pplastic containers and stored-a20 °C. When enough
" . . : : were collected, they were freeze-dried and kept at
1 kg of mix contained: Vit. A 1000000 IU; Vit. B _30°C prior to analysis. Chromic oxide digestion
?g%ggor:;’_ V{;tEEllzggg 'rLTJ]gWVIPtS 1; Tgs(;/ 'tr'ng. was carried out according to described metHéds
' ' ’ y ' The apparent digestibility coefficient (ADC) of nutri-

Vit. Bg 875 mg; Vit. 2500 mg; Ca-D-pantothenate . .
5000 ?ng, Nicgtinic aacizd 3750 n?g; Folic 21cid 250 mg;ents was calculated using the described metffods

Co 24999 mg; Cu 1999 mg; Fe 11249 mg; Se

(ZI\éngnzq-SHZO) 75 mg; I (KI) 106 mg; antioxidant Water quality analysis and measurement

The ammonia and nitrite concentrations in the ex-

perimental tank waters were determined weekly,
plant materials added to the diets, and these inC'UdQﬂ']“e dissolved oxygen, temperature, and pH were
defatted Soybean meal, Brazil nut meal, leucaena Ieﬁfeasured da||y The ammonia concentration was
meal, and yellow maize, whereas plant ingredientgetermined colourimetrically at the wavelength of
mean the two alternative plant ingredients, Brazil nu30nm by forming indophenol blue with hypochlorite

meal and leucaena leaf meal. and salicylate in the presence of sodium nitrofer-
_ _ ricyanide as cataly8t. Nitrite concentration was
Feeding experiment determined by colourimetric methods employing di-

The experiment was conducted at the INPA, Manauszotizing reagenfS. The absorption was read at
For the feeding trials, we used 15 cylindrical 200 543 nm. Dissolved oxygen was measured using a
fibre glass tanks. There were five treatments antbmbined digital oxygen, conductivity, salinity, and
each was in triplicate. Water flow into the tanks wasemperature YSI 85 meter (YSI Inc), while pH and
adjusted to 1.5 I/min. Air stones were used to aeratemperature were measured using a combined digital
the tanks throughout the feeding period. About 300 jupH and Temperature YSI 60 meter.

www.scienceasia.org


http://www.scienceasia.org/2008.html
www.scienceasia.org

356 ScienceAsi&4 (2008)

Statistical analysis very well in culture water with high ammonia concen-

Data were subjected to one way analysis of variand&tons:

using SAS/SAT Institute Software (1998). The Dun-  During the feeding trials, tambaqui only re-

can multiple range test was used to separate mearRonded to feeding hours after each routine weight
among treatments at a 5% significance I&(el measurements. It usually took the fish time to re-
adjust to feeding. Also during heavy rains the fish

RESULTS would not eat. Instead they cluste_red at a corner very
close to one another. But on bright warm days the
Table 1presents the nutrient composition of Brazilfish usually fed to satisfaction. And if the heavy down
nut and leucaena leaf meals. The table indicated thpour was in the morning hours, and eventually turned
Brazil nut meal had higher protein and less crude fibrimto a bright warm afternoon, the fish usually had a
and nitrogen free extract than the leucaena leaf mealompensatory feeding rate.
The Brazil nut meal also had about 14 times more oil  Digestibility of the nutrients Table 4 indicated
than the leucaena leaf meal which explains its use #sat the addition of 3 g/kg phosphate diet signifi-
edible oil and in the soap and cosmetics industriesantly improved the apparent digestibility coefficient
Phosphorus (growth factor) of the Brazil nut meal ifADC) of protein and dry matter in comparison to
about 7 times more abundant than in leucaena leather treatments. Similarly, addition of phytase into
meal. The Brazil nut meal is also richer in essentiadiets marginally improved the ADC of protein, lipid,
amino acids than the leucaena leaf meal. and carbohydrate in comparison with the treatments
The nutrient composition of the experimental di-without phytase supplements. This increment resulted
ets (Table 9 showed that the protein, lipid, crude ashjn a corresponding increase in fish growth which was
crude fibre, nitrogen free extract, gross energy, and pldrger than those fed diets without phytase. Also
of all the diets were similar. Therefore, differenceshere were no significant differences in the ADC of
in the digestibility and growth parameters may not bearbohydrate from all the treatments.
attributed to differences in dietary composition. The growth and nutrient utilization data of tam-
The fish has high tolerance to low water qualitypbaqui fed phytase diets are presentedable 5 The
(Table 3. The dissolved oxygen content of the culturedata showed that the fish had a high growth rate and
water was almost at critical level, yet fish growth andhat they nearly doubled the initial weights in 56
other physiological functions were not compromiseddays. This growth probably results from the good
The pH content of the water was acidic in natureacceptance and digestibility of the diets containing the
different from the pH of warm fresh water fish whichalternative feed ingredients. Although there were no
usually tends towards alkaline. The fish also thrivegdignificant differences in the mean weight gain, spe-

Table 3 Water quality parameters.

UPI UPIP FPI FPIPT1 FPIPT2
Dissolved oxygen (mg/l) 4.340.56 4.41+0.61 4.23+0.70 4.40+0.60 4.3%0.67
Temperature (°C) 2648 0.58 26.8+0.56 26.9+-0.55 26.9+-0.53 26.9+0.53
Conductivity (uS/cm) 28.36.76 32.2+14.3 28.3+6.15 27.6-6.44 28.49.00
pH 5.87+0.30 5.914+-0.32 5.82+0.39 5.82+0.35 5.80+0.37
Ammonia (mg/l) 2.1#0.79 2.14+0.75 1.8+ 0.65 1.76+0.72 1.82+0.75
Nitrite (mg/l) 0.05+0.08 0.06+0.04 0.04+0.04 0.03+0.02 0.04+0.04

Means of triplicate values were not significantly different.

Table 4 Apparent digestibility coefficient (ADC) of nutrients.

UPI UPIP FPI FPIPT1 FPIPT2
ADC Dry matter 65.8+4.96 76.8+£1.04 65.9+4.19 67.8+3.30 68.8 +3.30
ADC Lipid 80.2°+3.11 88.2+1.27 82.2+3.00 85.9°+0.72 85.6°+0.72
ADC Protein 73.5+4.69 86.4+2.23 73.P+£5.50 76.8 +1.81 79.8+2.80
ADC Carbohydrate 31%0+9.63 40.8+5.41 38.5+£3.89 39.8+£14.0 40.8+8.41

abpeans of triplicate values with the same superscripts were not significantly different.
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Table 5 Growth and nutrient utilization of tambaqui fed phytase diets.

UPI UPIP FPI FPIPT1 FPIPT2
Final weight (g) 125.6-13.9 136.0-0.78 130.3+ 14.1 131.2+18.9 139.6+ 15.5
Initial weight (g) 69.8+ 0.63 70.9:0.83 70.6£0.71 70.14+1.34 70.6:0.57
Weight gain (g) 55.2: 13.4 65.1+0.25 59.7+13.5 60.1:17.6 69.2-15.1
100 SGR (d'!) 1.054+0.19 1.19+0.01 1.1140.18 1.12+0.23 1.24+0.19
FCR 1.94+0.27 1.78:0.27 1.90+ 0.26 1.88+0.46 1.70+0.05
100 K (g/cn?) 2.20+0.20 2.17£0.15 2.21:0.11 2.12£0.15 2.15:0.07

Means of triplicate values were not significantly different.

Table 6 Proximate composition of the fish (whole body) carcass after experiment.

UPI UPIP FPI FPIPT1 FPIPT2
Protein (%) 56.8+ 0.55 56.6+1.82 58.8+1.19 58.6 +2.06 58.8 +2.06
Lipid (%) 28.2+0.96 28.£+1.89 25.742.34 2484271 26.7+2.71
Ash (%) 10.2+0.76 11.8°+1.42 11.4°+0.65 12.6+0.76 12.7+0.76

abpeans of triplicate values with the same superscripts were not significantly different.

cific growth rate (SGR), feed conversion ratio (FCR)DISCUSSION
or condition factor {{) of the fish during various treat-
ments, the SGR and FCR of fish fed diets with phytas€he use of phytase in the diets enhanced the digestibil-
were better than the values from fish fed diet withouity of Brazil nut and leucaena leaf meal. The nutrient
phytase Table 5. In addition, weight gain, SGR and composition of Brazil nut meal and leucaena leaf meal
FCR of fish fed a diet with plant ingredients fermentedevealed that they can be used as protein sources in
together with phytase (4000 U/kg) were better thafish feeds as recommended by the American National
the values from fish fed a diet supplemented wittResearch Cound®. The high phosphorus content
phosphorus (3 g/kg). The growth performance of fisf the Brazil nut meal allows it to be classified as
fed a diet with fermented plant ingredients was highea growth promoter and enhancer of mineralization.
than that of the fish fed the negative control diet witlSimilarly, the high essential amino acid profile of
unfermented plant ingredients. This showed a bett@razil nut meal, which compares well with that of
conversion of the diet with fermented plant ingredientsoybean meal, makes it a good plant protein source
into flesh Table 5. Fish fed the negative control dietin animal feed. The protein contents of the leucaena
also had the highest FCR indicating that other dieteaf meal and Brazil nut meal obtained from our study
were better converted into flesh. This may explain theupport the values previously reportéd?®.
poorest performance of the fish in that treatment. The high ADC of protein and lipid recorded from

There were no significant differences in proteirthe present study is evidence of the acceptability of the
concentrations of the fish whole bodiaple §. How-  alternative feed ingredients. This confirms previous
ever, fish fed diet containing phytase had slightly morebservations that in the wild, tambaqui usually feeds
body protein than others. The lipid content in all theon plant seeds and fruits in rainy seasons and wild rice
fish showed no significant differences, but fish fediuring the dry seasdfi“°. The high digestibility also
diets without phytase had the highest lipid concenagrees with reports of high digestibility by tambaqui
tration. Similarly, fish ash contents were statisticallyfed diets containing leucaena leaf meal and Brazil nut
the same in the UPI, UPIP, and FPI treatments. Howneal®°, The digestibility was further enhanced by
ever, ash content in fish in treatments supplementdde addition of phytase into the diets. The inclusion
with phytase was significantly higher than that inof phytase in diets also enhanced the digestibility of
fish fed a diet without phytase, or unfermented plamutrients by common carpC/prinus carpi?% 2241
ingredients. There was a tendency for larger asind rohu (abeo rohitg*2. Supplementary exogenous
concentration in all fish fed diets with phytase tharenzymes in tambaqui diets increased the apparent
in fish fed diets without phytase. digestibility of nutrients and crude enertly

Unlike cyprinids and tilapias which have a quick
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response to feed after routine weight measurement Observations on the high tolerance of the fish
operation, tambaqui does not quickly respond to feet low water quality is in line with previous re-
after weight measurements. The situation is thports!®'418  The dissolved oxygen could be at
same during heavy rain. The fish does not feedritical levels®5* without affecting the performance
satisfactorily. During equipment failures in the re-of the fish, perhaps because the fish has a special
circulation systems, feeding may also be delayecdaptation to low oxygen concentratiGhs Oxygen
Therefore, the question arises of how does this deoncentrations in tambaqui aquaria and its natural
layed feeding affect feed intake and fish growth irhabitat are 4.1-8.0 and 2.4-6.0 mg/l, respectitfely
feeding experiments. Observations from the preseiffambaqui has shown a high degree of adaptation to
study clearly indicate compensatory feeding regimadverse factor such as oxygen deplettorAmmonia
and growth. This observation is in line with theconcentration was higher than the recommended value
report that tambaqui juveniles display compensatorfpr warm fresh water fish cultupé. Also the pH levels
growth when fed again after a period of deprivafitn indicated high preference of the fish for acidic media,
Similarly, compensatory growth occurred in Africanin agreement with results obtained from tambaqui
catfish with feed restriction for 28 days and anotheculture tank4*. The low water quality requirement of
28 days feeding to satiatidh In the latter study the fish could explain its wide distribution in Latin and
there were no significant differences in body compoSouth America® and in the Amazon basin and forest
sition, organ indices, eviscerated carcass compositioAmazon countrie¥’.
viscera lipid and liver lipid of the fish subjected to
feed restrictions. In a related study, nutritional restricCONCLUSIONS
tion resulted in compensatory responses, includinBrazil nut and leucaena leaf meal proved to be good
hyperphagia, rapid weight increase, and repletion gfources of protein for tambaqui. The study showed
the energy reservés Compensatory growth hasthat the nutrients in the two alternative feed ingre-
also been established for salmonids, cyprinids, ardlents complemented each other, resulting in better
pleuronectid$™*C. fish growth than when either of the two plants was

The fast growth rate of the fish recorded fromused individually. The only problem with the use of
the present study is evidence of acceptance and higtucaena leaf meal was fouling of the experimental
digestibility of the alternative feed ingredients, and inwater with leaf residues. Therefore, further studies are
fluence of phytase which further enhanced the growthecessary to determine the most effective processing
of the fish. Others have also described the fish asmethod for leucaena leaf meal to reduce the incidence
fast growet*141819 " The fish can attain a weight of the meal fouling the culture water.
of 30 kg in the wilPl. Common carp fed diets
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