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Abstract Rainbow trout were fed a diet containing phytase-sprayed and phytase-
pretreated soybean meal with different phytase levels. The single factor random block
design was used to analyze the effects on rainbow trout of dietary phytase supplementation
on growth performance, nutritional ingredient digestibility and nutrient excretion. After
90 days, the results showed that feed conversion ratio (FCR) and protein efficiency ratio
(PER) were significantly improved and specific growth rate (SGR) was not affected by
spraying phytase, but SGR, FCR and PER were not significantly improved by phytase
pretreatment. A digestibility trial conducted after the feeding trial showed that apparent
digestibility coefficient (ADC) of diet protein and minerals was increased with phytase
supplementation. However, there was a negative effect of phytase on the ADC of lipid. The
excretion experiment showed that the supplementation of phytase resulted in decreased
nutrient excretion in feces, but lipid excretion was slightly increased with phytase sup-
plementation. In addition, the results of P excretion and ADC of P analyzed by #-test
showed that phytase pre-treatment method should be a more rational method than the
spraying method. The results of SGR, ADC of P and P excretion analyzed by quadratic
regression indicated that 2,000-3,000 U/kg levels by the spraying method could be a
rational range of phytase supplementation, and about 1,000 U/kg should be an optimal
level by the pretreatment method. Thus, use of phytase in rainbow trout feeds can have
economic and environmental benefits.
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Abbreviations

ANOVA  Analysis of variance

ADC Apparent digestibility coefficient
SGR Specific growth rate

FCR Feed conversion ratio

PER Protein efficiency ratio
Introduction

Fish meal has been a large part of dietary protein source in feed industry. However, with
the expansion of aquaculture increasing demand and high price has made it necessary to
search for alternative protein sources. At present, replacing fish meal by plant protein
sources in fish nutrition is of increasing interest (Fontainhas-Femandes et al. 1999;
Mabahinzireki et al. 2001). In plant protein sources, soybean meal is used in animal
feeds due to its well-balanced amino acid profile and relatively high crude protein level
(Cheng and Hardy 2002). However, the major limitation in the use of alternative protein
is related to anti-nutritional factors in soybean meal, such as protease inhibitors, non-
starch polysaccharides and phytate (Francis et al. 2001). Phytate is relatively heat-stable
and cannot be effectively removed without enzymatic reactions. Therefore, several
mineral elements like Ca, Mg, Zn, Mn, Cu and Fe (Papatryphon et al. 1999) as well as
feed protein (Liu et al. 1998; Sugiura et al. 2001) can be reduced in their bioavailability
by phytate. Phytate is also a major P component in soybean meal, and is a typical
example of a component affecting the availability of dietary elements. So phytate-P is
not available to monogastric animals including fish without enzymatic reactions
(National Research Council 1993). Sugiura et al. (1998) reported that 22% of the P in
soybean meal was available for rainbow trout. Riche and Brown (1996) found that P in
soybean meal was completely unavailable to rainbow trout. So P in aquaculture effluents
is considered a point source of pollution by many regulatory agencies (Lall 1991).
Uneaten food and unavailable dietary P in feces are the two primary contributors in fish
farm P effluents (Bergheim et al. 1991). In intensive fish farming systems, a poor
degradation of phytate leads to detrimental effects on the aquatic environment such as
eutrophication effects on fresh water.

Microbial phytase is an enzyme used to specifically hydrolyze phytate and release the
mineral elements chelated in plant protein source. It has been demonstrated that the
addition of phytase in the diet has the potential to improve the digestibility of nutrients and
minerals (Cheng and Hardy 2003; Yoo et al. 2005), and the feed conversion efficiency and
growth (Sajjadi and Carter 2004; Schafer et al. 1995; Rodehutscord and Pfeffer 1995;
Vielma et al. 1998), and to reduce P discharge into water (Jackson et al. 1996; Lanari et al.
1998; Papatryphon et al. 1999; Forster et al. 1999; Vielma et al. 2002; Sajjadi and Carter
2004). But some studies showed no effect on weight gain in fish (Lanari et al. 1998;
Vielma et al. 2000; Yan et al. 2002). Several factors influence the efficacy of phytase,
including the type and amount of phytase, supplementation method of phytase, concen-
trations of nutrients (especially protein and minerals), as well as the fish species (Sajjadi
and Carter 2004). Results of these studies have shown that dietary nutrient retention is
increased in fish fed phytase-supplemented diets, but effects of addition of phytase by
different methods on nutrient excretion and the aquatic environment have not been well
documented. This study was conducted to quantify the effects of dietary phytase at
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continuous levels with different methods on growth performance, apparent digestibility,
nutrient excretion and the aquatic environment, and to quantify which phytase supple-
mentation method (spraying and pretreatment) and what dose of phytase in each phytase
supplementation method were better.

Materials and methods
Diets

Fish meal, soybean meal and corn gluten meal were used as protein sources in the basal
diet. Menhaden fish oil and soybean oil were used as the lipid sources, and the basal diet
was formulated to contain approximately 43.19% crude protein and 10.17% crude fat. The
formulation and chemical composition of the basal diet is shown in Table 1. The data of
phytate-P and phytase activity in test diets are shown in Table 2.

All the ingredients were ground into fine powder through a 320-pm mesh, and were
thoroughly mixed with fish oil and soybean oil, then pelleted with an experimental feed,
and dried for about 12 h in a ventilated oven at 40°C. 0.5% chromic oxide (Cr,O3) was
added to each diet as an inert marker. The particle size of diet was ® 1.5 x 3.0 mm. After
drying, the diet with 8-10% moisture was stored at 4°C until feeding.

Microbial phytase was supplied by BASF Corporation. The actual enzymatic activity of
phytase (5,280 U/g) was measured by the method of Slominski et al (2007). In spraying
groups, phytase was added to the basal diet at the levels of 0, 500, 1,000, 1,500, 2,000,
2,500, and 3,000 U/kg diets, respectively. Phytase coating of basal diet followed recom-
mendations of Jackson et al. (1996). The detail was as follows:

Table 1 Formulation and proximate analysis of the basal diet

Formulation % Composition

Fish meal 10 Moisture (%) 9.73
Corn gluten meal 15 Crude protein (%) 43.19
Soybean meal 60 Crude fat (%) 10.17
Flour 1.2 Ash (%) 6.99
Fish oil 5 Ca (%) 0.95
Soybean oil 5 Total P (%) 0.73
Chromic oxide 0.5 Phytate P (%) 0.41
Limestone 1 Cu (mg/kg) 114
Choline chloride 0.3 Fe (mg/kg) 298
Starch 1 Zn (mg/kg) 72.3
Mineral premix® 0.5 Mn (mg/kg) 46.2
Vitamin premix” 0.5 Mg (mg/kg) 2,297

# Mineral premix consisted of (mg/kg dry diet): K,SOy4, 446; MgSO, - 7TH,0, 1041; CoCl, - 6H,0, 8.4;
FeSO, - 6H,0, 298.5; ZnSO, - 7TH,0O, 132.1; CuSO, - 5SH,0, 11.8; MnSO, - H,O, 40; KI, 1.45 and
Na,SeOs, 0.658

® Vitamin premix supplied the diet with (mg/kg dry diet): retinol (V,), 2575 U/kg; cholecalciferol (Vp),
2520 U/kg tocopherol (Vg), 51; menadione (V), 84; thiamin (Vg;), 10.7; riboflavin (Vg,), 21; pyridoxine
(Vge), 10.6; cyanocobalamin (Vg;), 0.02; nicotinic acid (Vgs), 154.5; D-Ca pantothenate, 40.8; inositol,
420; biotin (Vy), 1.03; folic acid, 5.5; antiscorbic acid (V¢), 108
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Table 2 The content of
phytate-P and phytase activity
in test diets

Group (U/kg) Actual phytase Phytate-P
activity (U/kg) in test diets (%)

Spraying groups

0 0 0.43
500 493 0.39
1,000 929 0.40
1,500 1,521 0.37
2,000 1,993 0.36
2,500 2,582 0.37
3,000 2,930 0.38
Pretreatment groups
0 NA 0.41
500 NA 0.13
1,000 NA 0.03
1,500 NA 0.04

NA Not analyzed

(1) 50 ml of water containing citrate buffer at pH 5.0 was prepared at room temperature.
(2) The proper amount of phytase was dissolved in the buffer.
(3) The buffer was sprayed on 1 kg of the finished diet as needed.

In pretreatment group, phytase was added to the basal diet at the levels of 0, 500, 1,000,
1,500 U/kg diets, respectively. Phytase pretreatment of soybean meal followed recom-
mendations of Cain and Garling (1995). The detail was as follows:

(1) One liter of water containing citrate buffer at pH 5.0 was prepared at room temperature.

(2) The proper amount of phytase was dissolved in the buffer.

(3) One kilogram of soybean meal was added to the buffer and the mixture was rapidly
heated, with constant stirring, to 50-55°C. The mixture was held at this temperature
for 5-6 h. Dry matter content was 40-50% after the heating period.

(4) Once the heating process was complete, treated soybean meal was cooled and dried at
room temperature in a forced-air drying oven for 24 h to reduce the moisture content
to approximately 10%.

(5) Dried, phytase-pretreated soybean meal was added to the experimental feeds.

Experimental units and feeding

The experiment was carried out at the Fisheries Research Institute; Harbin Academy of
Agricultural Sciences (Heilongjiang, China). The experiment started in July 2006 and
lasted for 90 days. Each diet was fed to rainbow trout in three 150-1 tanks. Each tank was
stocked with 30 fish with an initial average weight of 1.70 £ 0.03 g. The photoperiod was
set at 12-h light and 12-h dark. Freshwater temperature was 14—18°C. The O,-content of
the outlet water remained above 8 mg/l. Water flow was similar in all tanks (0.5 1/min).

The rainbow trout were hand-fed twice (0800 and 1400 hours) per day and the amount
of feed distributed was adjusted weekly according to the increased body weight. Fish were
fed about 2.5% of body weight. Each tank was equipped to collect rejected feed from the
water outlet, as described by Helland et al. (1996). The feces were collected at 2—4 h after
feeding. Then the feces were freeze dried and ground with a pulverizer to analyze for
subsequent determinations of protein, fat, P, Ca and other nutrient contents.
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Chemical analyses

The dry matter content of diet and feces was determined by drying at 105°C until stable
weight, and ash was determined after combustion at 550°C until stable weight. Crude
protein was determined as Kjeldahl-N x 6.25 on a KJELTE 2300 auto-analyzer (FOSS-
2300, USA). Crude fat was determined by ether extraction using Soxhlet. Total-P and
phytate-P in samples were determined in duplicate using the vanadium-molybdate method
(total-P) and ammonium-molybdate method (phytate-P), respectively (AOAC 1990). Ca,
Mg, Fe, Zn, Mn and Cu were determined by flame atomic absorption spectrophotometer
(TAS-990, China) after wet ashing and acid digestion. Cr,O5 concentrations were deter-
mined by flame atomic absorption spectrophotometer following combustion of the sample
in a muffle furnace, before and after digestion in nitric acid (AOAC 1995).

Calculations and statistical analysis

The following variables were calculated:

Specific growth rate (SGR) = (LnW, — LnW,) x 100/t

Feed conversion ratio (FCR) = feed consumed (g, DW)/weight gain (g)

Protein efficiency ratio (PER) = weight gain (g)/protein intake (g)

Nutrient excretion per gain (g/kg weight gain) = FCR X nutrient contents in diet X
(1 — ADC of nutrient) x 1,000

Nutrient apparent digestibility coefficient (ADC) = 100 x [1 — (gi—?g)}

where W, and W, are final and initial body mass, respectively, ¢ is the experimental
duration days. F and D represent nutrient contents in faeces and diet, respectively. F¢, and
D¢, represent Cr,O3 contents in feces and diet, respectively. All data were subjected to
one-way ANOVA after homogeneity in variance was tested using SAS for Windows.
When a significant treatment effect was observed, Duncan’s multiple range test was used to
compare means. A quadratic regression analysis method (Snedecor and Concbran 1978)
was conducted to analyze SGR, P excretion and the ADC of P of the rainbow trout
(Figs. 1-3). And these data in spraying and pretreatment groups (500-1,500 U/kg) were
compared using a two-tailed #-test (Table 3). The results were presented as means + SEM.
A significant level of P < 0.05 was employed in all cases.
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Fig. 1 The relationship between SGR and phytase level in rainbow trout
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Fig. 3 The relationship between P excretion and phytase level in rainbow trout

Table 3 A comparison of
spraying and pretreatment

method by #-test

Results

Growth

Spraying Pretreatment P-value
group group
SGR (%) 2.38 £ 0.06 241 £0.03 0.5347
P excretion (g/kg gain) 241 £ 047 0.66 = 0.03  0.0030
ADC of P (%) 64.11 £5.08 91.03 £0.59  0.0008

The growth data are shown in Table 4. In spraying groups, fish fed the diet with supple-
mentation of phytase showed slightly higher SGR than fish fed the basal diet, but SGR
did not differ significantly among treatment groups (P > 0.05). Quadratic regression
analysis indicated that a SGR optimum occurred at the level of 2,145 U/kg diet phytase
(Fig. 1). The FCR and PER were improved significantly by phytase supplementation
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Table 4 SGR, FCR and PER
of rainbow trout fed diet with
supplementation of phytase

Group (U/kg) SGR FCR PER

Spraying group

0 225 4 0.01 1.01 £ 0.01° 228 + 0.02°
500 234 + 0.04 0.95 & 0.02° 241 £ 0.06™
1,000 235 + 0.03 0.92 4 0.03° 2.50 + 0.08"
1,500 245 4 0.01 0.91 £+ 0.01° 2.56 + 0.03"
2,000 241 £+ 0.01 0.92 &+ 0.01° 2.51 + 0.02°
2,500 239 + 0.05 0.93 &+ 0.01° 241 + 0.08%
3,000 238 4 0.01 0.93 &+ 0.01° 2.46 + 0.03"
P-value 0.1647 0.0277 0.0369
Pretreatment group
0 231 + 0.04 0.96 & 0.02 2.09 + 0.03
o 500 244 + 0.05 0.94 4 0.02 2.19 + 0.05
Within the same column,
values with different 1,000 240 £ 0.02 0.93 4 0.02 2.16 + 0.03
superscript letters are 1,500 2.38 £ 0.03 0.92 + 0.01 2.18 £ 0.03
significantly different P-value 0.1136 0.3301 0.2480

(P <0.05)

(>1,000 U/kg), but FCR and PER did not differ among fish fed >500 U/kg. In pretreat-
ment groups, SGR, FCR and PER were not affected significantly by phytase (P > 0.05).
Quadratic regression analysis indicated that a SGR optimum occurred at the level of
1,194 U/kg diet phytase (Fig. 1).

Apparent digestibility

The ADC of nutrient is shown in Table 5. In spraying groups, the ADC of P was signif-
icantly influenced by supplementation phytase (P < 0.05). Quadratic regression analysis
indicated that ADC of P optimum occurred at the level of 3,236 U/kg diet phytase (Fig. 2).
Fish fed phytase supplements had higher ADC of protein and Ca than fish fed unsupple-
mented diet (P < 0.05). The ADC of protein was 94.61-95.73% for diets containing
>500 U/kg and no significant difference was observed (P > 0.05). The Ca digestibility
was 20-40% higher for fish fed the diet with supplementation phytase than for fish fed the
basal diet. There was also no significant difference among the 500-3,000 U/kg groups
(P > 0.05). However, there was a negative effect of phytase on the ADC of lipid. The ADC
of lipid was slightly reduced from 89.58% to 84.92% of the diet with supplementation
phytase (P > 0.5). In pretreatment groups, the ADC of P was improved significantly by
supplementation phytase (P < 0.05), but there was no significant difference among the
500-1,500 U/kg groups (P > 0.05).The highest ADC of P was observed in fish fed diet
with 1,000 U/kg phytase, and quadratic regression analysis indicated that a ADC of P
optimum occurred at the 950 U/kg level (Fig. 2). Similarly, the ADC of protein had a
similar trend with ADC of P, but ADC of lipid and Ca was not affected significantly by
phytase (P > 0.05).

In the spraying groups, the diet with phytase supplementation significantly increased the
bioavailability P in feed ingredients and increased utilization of naturally occurring
minerals in feed ingredients. The ADC of Cu, Fe, Zn, Mn and Mg were improved
significantly for the diet with supplementation phytase compared with the basal diet
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(P < 0.05). The highest ADC of Cu, Fe, Zn, Mn and Mg were observed in the 1,500,
1,000, 2,500, 2,500, 1,500 U/kg groups, respectively. In pretreatment groups, the ADC of
Cu, Zn, Mn, Mg were improved significantly for the diet with 1,000 U/kg phytase com-
pared with the basal diet (P < 0.05), but the ADC of these minerals had no significant
difference among fish fed >500 U/kg (P > 0.05).

Nutrient excretion

The nutrient excretion data were shown in Table 6. In spraying groups, P excretion was
significantly decreased for fish fed diet with supplementation phytase (P < 0.05), and
quadratic regression analysis indicated that 2,795 U/kg diet phytase was an optimum
level (Fig. 3). Fish fed diet with supplementation phytase significantly decreased the
excretion of Ca, protein and other minerals (P < 0.05). However, lipid excretion was
slightly increased and it was not affected by phytase (P > 0.05). In pretreatment groups,
there was the similar trend within spraying groups. Quadratic regression analysis indi-
cated that P excretion optimum occurring at the level of 1,065 U/kg (Fig. 3). The
excretion of Ca and Fe were not affected significantly by phytase (P > 0.05). Further-
more, the other nutrients excretion did not differ significantly among fish fed >500 U/kg
(P > 0.05).

Discussion
Growth

Previous study reported that phytate binds trypsin in vitro thus reducing protein digest-
ibility (Singh and Krikorian 1982). Spinelli et al. (1983) also found that phytate decrease
protein digestibility, growth rate and feed efficiency in rainbow trout. The effect of phytic
acid on growth depends primarily on the amount in the diet (Sajjadi and Carter 2004). In
the present study, SGR was slightly improved for fish fed with phytase. FCR was lower
than 1.0 and PER was improved for fish fed with phytase. This means that the phytase used
in degrading the phytate resulted in the release of more minerals and increased minerals
utilization in growth performance of the fish. Growth improvement demonstrates that
soybean can replace most of the fish meal in the diet by supplementation phytase for
rainbow trout. Similarly, growth improvements were also observed in some studies on
dietary supplementation phytase (Rodehutscord and Pfeffer 1995; Schafer et al. 1995;
Papatryphon et al. 1999; Cain and Garling 1995; Vielma et al. 2002). Conversely, the
inclusion of phytase did not improve growth in other studies (Lanari et al. 1998; Forster
et al. 1999; Vielma et al. 2000). Obviously, further research is needed to clarify the
influence of supplemental phytase on protein availability, growth performance and feed
utilization of fish.

Apparent digestibility coefficient

Singh and Krikorian (1982) reported that phytate binds trypsin in vitro thus reducing the
bioavailability of various dietary components and fish performance. Phytate can also
chelate with protein to form phytate—protein or phytate—mineral-protein complexes that
are resistant to proteolytic digestion (Cheryan 1980). Additionally, phytate may bind to
amino acids in the fish stomach and decrease amino acid availability.
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Riche and Brown (1996) and Sugiura et al. (1998) reported that the apparent availability
of P in soybean meals was 0% and 22% for rainbow trout, respectively. And about 60% P
in soybean meal is in the form of phytate (Sajjadi and Carter 2004) which fish cannot
digest. In the present study, the phytate-P level of soybeans diets was 57.72% of the total-
P, and this was the reason why the bioavailability of P was lower in the control group.
Addition of phytase can improve ADC of P in diet and then it is possible to improve P
retention and reduce P discharge into water. Phytase supplementation in diet increased P
digestibility by rainbow trout, similar to other studies with Atlantic salmon (Storebakken
et al. 1998) and other salmon (Brown 1993; Cain and Garling 1995; Rodehutscord and
Pfeffer 1995; Teskeredzic et al. 1995; Riche and Brown 1996; Lanari et al. 1998; Vielma
et al. 1998; Forster et al. 1999; Sugiura et al. 2001). However, in this study, the high levels
of phytase slightly reduced ADC of P. This is because dietary P absorption is regulated by
blood P level (Lall 1991), and hence, when the blood P level is saturated or dietary P
concentration increases above the requirements, the utilization efficacy of retention
decreases (Rodehutscord 1996; Jahan et al. 2003).

In the present study, the ADC of protein, Ca, P, and minerals were improved for diets
with supplementation phytase. The effect on protein digestibility for fish fed dietary
phytase agreed with earlier observations, e.g., with Vielma et al. (2004). But conversely,
some studies on rainbow trout (Vielma et al. 2000; Cheng and Hardy 2002) and Atlantic
salmon (Sajjadi and Carter 2004; Lanari et al. 1998) reported that a lack of effect on
protein digestibility was observed for fish fed a diet with supplementation phytase. The
discrepancy reported for protein digestibility in several studies might be related to dif-
ferences in some other factors, such as protein feedstuff quality, drying procedures and
gastrointestinal pH. In the present study, ADC of lipid was slightly reduced by dietary
phytase. Adding phytase may inhibit the activity of lipase and decrease the efficiency of
lipase hydrolysis lipid, thus ADC of lipid was reduced with supplementation phytase.
However, why phytase inhibited the activity of lipase is not clear, and further research is
needed to clarify it.

The ability of phytate to bind divalent minerals is well known. Wise (1983) pointed out
that phytate in plant meals could form a phytate—mineral complex and bind to other
divalent and trivalent canons such as Ca, Cu, Fe, Mg, Mn and Zn. Lall (2002) reported that
growth reduction may be related to deficiency of several minerals. In the present study, the
ADC of minerals in the control group was the lowest along with the lowest weight gain.
When ADC of P was increased, the ADC of Mg, Mn, Fe, Cu and Zn were also increased.
The function of dietary phytase to release P and other minerals for rainbow trout and other
fish has been reported by other studies (Cain and Garling 1995; Rodehutscord and Pfeffer
1995; Schaefer et al. 1995; Jackson et al. 1996; Lanari et al. 1998; Oliva-Teles et al. 1998;
Powers Hughes and Soaves 1998; Storebakken et al. 1998; Vielma et al. 1998, 2000;
Forster et al. 1999; Papatryphon et al. 1999; Masumoto et al. 2001; Papariyphon and
Soaves 2001; Sugiura et al. 2001).

Nutrient excretion

P is one of the most important pollution sources in the freshwater environment. There-
fore, reducing dietary P levels and fecal P discharges are critical approaches to reducing
environmental pollution. Because phytate-bound P is not available, unavailable dietary
P in feces is the primary contributor in fish farm effluents. In the present study,
P excretion of 3.81 g/kg rainbow trout was produced by the fish fed the basal diet. The
P excretion decreased from 3.81 to 1.46 g/kg by spraying phytase and from 2.78 to

@ Springer



154 Aquacult Int (2009) 17:143-157

0.62 g/kg by phytase pretreatment. This indicates that more degradation of phytate
occurred as other components of diet were digested and absorbed. Therefore, P excretion
was reduced with dietary phytase. Furthermore, protein excretion of fish fed dietary
phytase was decreased significantly. Meanwhile, mineral excretion of fish fed un-sup-
plemented diet was significantly higher than of fish fed with dietary phytase. The reduced
nitrogen and mineral excretion with phytase supplementation in our study validated the
fact that the protein and mineral utilization were improved by phytase supplementation.
According to Storebakken et al. (1998), fish fed diet containing phytase pre-treated
soybean released significantly less amount of fecal P into the environment than those fed
either fish meal or soy concentrate diets. Sajjadi and Carter (2004) also reported that
phytase incorporation in diets containing high levels of plant protein substantially
increased P digestibility and reduced P leaching from feces. Thus, the application of
phytase to fish diets is significant.

Phytase supplementation method

As we know, many factors interactively influence the efficacy of phytase, which include
pH, temperature, ratios of calcium to P and the supplementation phytase method. In our
study, we chose two supplementation phytase methods (phytase spraying and phytase
pretreatment). In spraying groups, phytate-P concentration of diet with supplementation
phytase was slightly lower than that of the basal diet with no supplementation phytase, but
that was nearly identical among the 500-3,000 U/kg groups (Table 2). It indicated that
phytase spraying on feed pellets cannot hydrolyze phytate efficiently in vitro. In the pre-
treatment groups, the phytate-P concentration of diet with supplementation phytase was
decreased greatly compared with that of the basal diet, which was reduced 68.3%, 92.7%
and 90.2% in diets with supplementation phytase 500-1,500 U/kg, respectively. Phytate-
P was nearly completely hydrolyzed by phytase in vitro when diet was pretreated
>1,000U/kg phytase.

The effects of phytase spraying onto diet pellets have been studied in many aquaculture
species (Vielma et al. 1998; Schaefer and Koppe 1995; Jackson and Robinson 1996), as a
current method to use liquid enzyme coating pellets in feed processing. However, phytase
pretreatment feed ingredients has been studied in some species, such as Atlantic salmon
(Storebakken et al. 1998; Teskeredzic et al. 1995) and rainbow trout (Cain and Garling
1995; Vielma et al. 2002). In the present study, the results of SGR, P excretion and ADC of
P analyzed by r-test showed that effects of phytase with different addition methods on P
excretion (P = 0.0030) and ADC of P (P = 0.0008) differed significantly, but the effects
of phytase with different methods on SGR (P = 0.5347) showed no significant difference
(Table 3). Although the pre-treatment method could not improve growth performance
significantly compared with spraying, pre-treatment can increase bioavailability of P and
reduce P excretion efficiently at the same phytase level. So phytase pre-treatment of
soybean meal might be a more rational method than conventional phytase addition to the
formula diet of rainbow trout.

In addition, the results of SGR, ADC of P and P excretion analyzed by quadratic
regression indicated that 2,000-3,000 U/kg levels by the spraying method and about
1,000 U/kg level by the pretreatment method could be a rational range of phytase sup-
plementation. In this study, the optimum level of spraying addition phytase was higher than
in several other studies (Schaefer et al. 1995; Cheng and Hardy 2002). The discrepancy
might be related to differences in phytase source, diet formulation, fish species and water
environment.
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Conclusion

Although, this fecal collection method may have some minor influence on the ADC of
nutrients, the experimental results still indicated that phytase addition could improve
mineral utilization in rainbow trout. In this study, phytase pretreatment might be a better
method than phytase spraying to increase mineral digestibility and to decrease mineral
excretion of rainbow trout at the same phytase level. For better protection of the envi-
ronment, when adding phytase the approximate level should be 3,000 U/kg by the spraying
method, but for the expenditure of feed production, about 2,000 U/kg was sufficient.
However, about 1,000 U/kg diet phytase should be an optimal level by the pretreatment
method.
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