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Eﬂ-'cts of a Thermostable Phytase

on the Growth Performance and Bone
Mineralization of Broilers

Abstract. An experiment was conducted to assess the effects of a novel thermostable phytase in male

broiler (“Ross-308") chicks fed available phosphorus (AP) deficient diets on growth performance and bone
mineralization. The treatments consisted of 8 experimental diets: 1 positive control diet containing an adequate
level of AP, 1negative control diet deficient in AP, and 6 diets with the same level of AP as that in negative
control but supplemented with different levels of phytase (250, 500, 750, 1,000, 1,250, and 1,500 phytase

units (FTU/kg diet). The addition of phytase improved significantly (P < 0.05) weight gain, feed intake, FCR,

toe ash, tibia ash and tibia P of broilers compared with those in negative control. No significant differences

(P > 0.05) were found in FCR and bone mineralization among the broilers fed different levels of phytase and
those fed the positive control. The results indicated normal growth performance and bone mineralization could
be maintained in broilers fed AP-deficient diets supplemented with the thermostable phytase.

Key words: phytase, broiler, growth performance, bone mineralization

t has been estimated that the total global harvest of crop
seeds and fruits, which is considered as an antinutritional
factor (Lott et al, 2000; Peter et al,, 2007). Phytate in plants
also couples with various nutrients, such as protein, starch, and
minerals, and negatively affects the utilization of these nutri-
ents by monogastric animals (Lantzsch et al. 1998; Ravindran
et al,, 1999). The partial availability of phytate-P to poultry
assumes importance as the global rock phosphate reserves
are not renewable, which could lead to a P supply crisis in the

future (Abelson, 1999). Excessive P excretion is also the most
common cause of eutrophication of rivers, lakes and reservoirs
(Correll et al,, 1999). Therefore, protection of environment and
preservation of global P reserves would be facilitated by more
efficient phytate-P utilization.

Phytate-degrading enzymes, via step-wise dephosphory-
lation of phytate, have the capacity to liberate phytate-P, thus
enhance P absorption and reduce P excretion, which have both
nutritionally and ecologically beneficial consequences (Mullaney
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et al, 2000). Since the first research showed that exogenous
phytase enhanced phytate-P utilization and bone mineralization
in broiler chicks in 1962 (Warden, Schaibe, 1962), the inclusion
of phytase in poultry diets has been far more widely accepted.
Feeds used for broilers are often pelleted during the production,
however, the ability of phytase to withstand this heat treatment
is questioned (Bustany, 7996). Controversy exits on the extent
of the loss in phytase activity and on the feed properties that
can diminish these losses. Pelleting losses are affected by the
pelleting conditions and properties of the enzyme, including its
resistance to denaturation and its capacity to re-nature into an
active form during cooling (Ribeiro et al,, 2003).

Recently, we have developed a new recombinant phytase
product that has shown good thermostability (Fu, 2009). The
phytase properties, especially about withstanding heat, were
further optimized. However, its thermostability during pellet-
ing process and effects on bird performance and nutrient me-

1. Ingredient composition and nutrient contents
of the experimental diets

Significative Treatments

Positive control Negative control

Ingredient, %
Maize 60.00 60.00
Soybean meal 32.23 32.23
Soybean oil 3.00 3.00
Shosphate 1.80 0.80
Limestone 118 110
Sand 0.00 1.08
Lysine.HCl 0.1 0.11
DL-methionine 0.38 0.38
Salt 0.30 0.30
Premix 1.00 1.00

Nutrient content, calculated
ME, kcal/kg 2.99 2.99
CP, % 20.68 20.68
Ca, % 0.96 0.70
Total P, % 0.69 0.50
Available P, % 0.45 0.26
Phytic P, % 0.24 0.24
Ca: total P 139 139
Lysine, % 1.07 1.07
Methionine, % 0.65 0.65
Nutrient content, analyzed

CP, % 20.84 20.82
Ca, % 0.98 0.73
Total P, % 0.71 0.48
Premix supplied the following amounts of vitamin and minerals
per kilogram of diet for the age of 1 to 21 d: vitamin A, 8,000 IU;
vitamin D3, 2,400 IU; vitamin E, 20 IU; vitamin K3, 0.5 mg; thiamine,
2 mg; riboflavin, 8 mg; vitamin Bs, 3.5 mg; vitamin B;,, 0.01 mg;
pantothenic acid, 20 mg; niacin, 35 mg; biotin, 0.26 mg; folic acid,
0.75 mg; Mn, 150 mg; Fe, 90 mg; Zn, 120 mg; Cu, 11 mg; I, 0.35 mg;
and Se, 0.20 mg.
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tabolism have not been assessed. Therefore, the present study
was designed to evaluate the effects of this novel phytase
product on the growth performance and bone mineralization
of broilers fed pelleting diets deficient in available (AP).

Materials and methods. The novel phytase product used
in this study was derived from Yersinia frederiksenii and was
produced in the Key Laboratory for Feed Biotechnology of the
Ministry of Agriculture (Chinese Academy of Agricultural Sci-
ences, Beijing, P. R. China). The phytase gene of Y. frederiksenii
was amplified from genomic DNA by PCR and heterologously
expressed in Escherichia coli. Based on sequence alignment
and molecular modeling of the phytase and related phytases,
the phytase has only one divergent residue, Ser51, in close
proximity to the catalytic site.Mutant S51T showed higher spe-
cific activity, greater activity over pH 2.0-5.5, and increased
thermal and acid stability compared with wild-type the phy-
tase (Fu, 2009).

Experimental diets were based on maize and soybean meal.
The basal diets, which were a little deficient in CP, energy and
amino acid, were formulated for broiler starters, according to
Ross Nutrition Specification (2007). The NC is also deficient
in Ca in addition to the intended deficiency of P (Table 1). The
eight dietary treatments were then randomly assigned to six
replicate cages. In the positive control (PC) treatment, birds
were fed a standard diet which meets the requirements for AP
and Ca with the supplementation of monocalcium phosphate
and limestone. In the negative control (NC) diet, the levels
of AP and total P were reduced by 0.19%, while the level of
Ca was reduced by 0.26% to maintain the Ca: total P ratio at
1.39:1. The other 6 dietary treatments were the diets of nega-
tive control supplemented with graded levels of phytase (250,
500,750, 1,000, 1,250, and 1,500 phytase units (FTU) /kg diet)
(Pecozyme 5000, Challenge Group, Beijing, China).

The diets were pelleted at 90°C and ring die compression
ratio (1:10) for 15 s and the graded levels of phytase products
(granular form) were applied respectively during feed mixing.

Male broiler chicks (“Ross-308", one-day-old) were ob-
tained from a commercial hatchery. The chicks were individu-
ally weighed and randomly allocated to 48 pens (8 chicks per
cage) in an environmentally controlled room with constant
lighting. The temperature was maintained at 31°C on the d
1and then gradually reduced to 22°Cby d 21. On d 12, the birds
were transferred to grower cages and maintained in these cag-
es until the termination of the trial on d 21. Diets were provided
for ad libitum consumption, and the birds had free access to
water. All birds used in this study were cared for in accordance
with local ethical guidelines.

Phytase activity used in diets was assayed after pelleting by
the Test Standard of Feed Grade Phytase of P.R. China (2009).
Free inorganic phosphate was assayed in the culture supernatant
based on the concentration of phosphate released after hydro-
lysis of sodium phytate by phytase. Precisely weigh 5.0+0.1 g
formula feed in a beaker, and dissolve with 0.25 M acetate buf-
fers (pH 5.5) in a 100 mL volumetric flask. 100 pL of enzyme
solution were mixed with 900 pL of 0.25 M acetate buffers
(pH 5.5) supplemented with 2.0 mL of 7.5 mM sodium phytate,
and incubated at 37°C for 30 min. 2.0 mL of the stop/color mix-
ture were added to stop reaction and generate phosphomo-
lybdate. The concentration of inorganic orthophosphate was
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determined colorimetrically by measuring the absorbance of
the solution at 415 nm using an ultraviolet spectrophotometer
(T6. Pgenral. Beijing, China). The stop/color mixture was pre-
pared fresh by mixing two volumes nitric acid (30%), 1 vol-
ume of 100 g/L ammonium molybdate solution supplemented
with 1.0% (v/v) ammonium hydroxide (25%) and 1 volume of
2.35 g/L ammonium metavanadate solution supplemented with
2.0% (V/v) nitric acid (30%). The results were compared to a
standard curve prepared using K,HPO, as a source of inorganic
phosphate at concentrations ranging from 5.0 to 25.0 mM. One
unit of phytase is the amount of enzyme that releases 1 umol of
inorganic P/min at pH 5.5 and 37°C.

Body weights and feed intake were recorded on a cage basis
at weekly intervals. Mortality was recorded daily. Any bird that
died was weighed to adjust the FCR, and FCR were calculated
by dividing total feed intake by weight gain of live plus dead
birds.

On d 21, 4 birds (closest to the mean weight of pen) were
selected from each pen, and killed by cervical dislocation. Toe
samples were obtained, by severing the middle toe through the
joint between the 2nd and 3rd tarsal bones from the distal end,
for toe ash measurements. The left and right middle toes of
the birds were pooled, respectively, to yield samples of toes
per pen.

In addition, left tibias were stripped of all soft tissues and
stored at -20°C for subsequent analysis. The oven-dry weight
of each bone was recorded. Following this, the bones were
crushed and defatted by refluxing petroleum ether over the
crushed samples in a Soxlet apparatus for 20 hours. Defat-
ted samples were oven-dried at 100°C for 24 hours and then
burned in a muffle furnace at 600°C for 24 hours. Tibia ash
was expressed as percentage of fat-free dry weight. Tibia ash
was also analyzed for Ca and P using standard AOAC (2007)
procedures (AOAC International, 2007). The Ca content was
precipitated by ammonium oxalate and then analyzed by the
potassium permanganate method. P was analyzed by the va-
nadate colorimetric method with an ultraviolet spectropho-
tometer (T6. Pgenral. Beijing, China). Tibia Ca and P concentra-
tions were expressed as percentage of fat-free dry tibia weight.

The data were subjected to ANOVA using the General Lin-
ear Models procedure of SAS (2001). Differences were deter-
mined by Duncan's multiple range test. In all analyses, signifi-
cance was declared at P<0.05.
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Figure 1. Course for the relative activities of the
phytase after pelleting at different graded levels.
(Relative activity of 100% refers to the initial activity
of pre-pelleting. Each relative activity represents the
mean of 3 samples. FTU = phytase units. Pelleted at
90°C and ring die compression ratio (1:10) for 15 s.)

Results and discussion. The relative activities of the phy-
tase after pelleting at graded levels from 250 to 1500 FTU/kg
diet were showed in Fig. 1. Residual activities of the phytase
at different graded levels changed from 82.7% to 90.3%, and
yet all of the activities remained over 80% of its initial activity
after pelleting for 15 s at 90°C. The result indicated that the
thermostability of this phytase was high and it had the ability
to withstand pelleting process.

The growth performance of birds in different treatments
was summarized in Table 2. The weight gain and FCR of broil-
ers fed the PC treatment (containing 0.45% AP) were better
(P<0.05) than those fed the NC (containing 0.26% AP). The
PC and NC did not differ in intake. The weight gain, feed intake
and FCR of broilers were improved (P<0.05) by supplementing
different levels (250 to 1,500 FTU/kg diet) of phytase in the
NC diet. Broilers fed diets containing 750, 1,000, 1,250 and
1,500 FTU/kg phytase grew faster (P<0.05) than those fed the
PC diet. Feed intake of broilers fed diets containing phytase,
except the treatment of 250 FTU/kg diet, were higher (P<0.05)
than that of chicks fed the PC diet. However, there were no
significant differences (P>0.05) in FCR among the broilers fed
diets containing phytase and those fed the PC diet. There were
no significant differences (P>0.05) in the weight gain, feed
intake and FCR of broilers fed diets containing different lev-
els of phytase, but the FCR of broilers in the treatment of
1000 FTU/kg diet were significantly better (P<0.05) than
those of broilers in the treatment of 250 FTU/kg diet. The
best weight gain, feed intake and FCR were obtained at 1,000
FTU/kg diet. The body weight of all broilers at 21 days was low-
er than commercial standards of Ross Performance Objectives
due to the low nutrient levels in the diets (2007). Mortality
during the trial was low (2.2%), and was not related to any di-
etary treatments.

P is an essential nutrient for all animals, and crucial for skel-
etal integrity and growth performance. It is important to main-
tain adequate P during the starter period of the bird, as a con-
tinuous submarginal level of P from the onset of feeding inhibits
growth and results in carcass defects (Moran, Todd, 1994). Ear-
liest symptoms of P deficiency will induce decreased appetite,
lowered blood P, reduced rate of gain. If severe deficiency occurs,
there will be skeletal problems (Kessler, 7999). This study showed
that AP-deficient diets result in performance reduction, which is
in general agreement with previous reports (Rama et al,, 1999;
Venalainen et al,, 2006). Deficiency of P is the most widespread
of all the mineral deficiencies affecting poultry.

In our experiment, birds fed AP-deficient diets supplement-
ed with the thermostable phytase had same even better pro-
duction performance than those fed diet with adequate P. The
mechanism is that supplemental phytase can degrade phytate
and phosphorus phytate in diet, and release inorganic phos-
phoric acid, inositol, mineral elements, protein, amino acid,
starch and lipids, so as to improve the utilization rate of above
substance. According to the present study, it is possible to gain
a normal growth performance by reducing AP content from
0.45% to 0.26% with phytase supplementation. Similar im-
provements have been reported in numerous previous exper-
iments. Santos et al. (2008) demonstrated that the reduction
in P levels of diets resulted in lower nutrient utilization and feed
consumption, and consequently reduced performance of start-
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2. Influence of dietary treatments on the weight gain, feed intake and FCR of broilers’

Weight gain, Feed intake, FCR, Mortality,

LSS HDEUES g/bird g/bird g feed/ g gain %
PC? 745.5° 964.4" 1.322% 2.08
NC3 687.3¢ 926.9¢ 1.372° 417
NC + 250 FTU/kg diet* 772.0* 1,002.1% 1.332° 2.08
NC + 500 FTU/kg diet 797.2%® 1,049.5° 1.325b¢ 0
NC + 750 FTU/kg diet 802.7° 1,035.3° 1.309¢¢ 4.7
NC + 1000 FTU/kg diet 825.4° 1,065.72 1.292¢ 2.08
NC + 1250 FTU/kg diet 819.4° 1,063.5° 1.311b¢ 2.08
NC + 1500 FTU/kg diet 815.7# 1,053.82 1.315b¢ 0
Pooled SEM> 18.3 211 0.014 0.56
@bc Means in a column not sharing a common superscript are significantly different (P < 0.05).
1 Each value represents the mean of 6 replicates.
2 PC = positive control.
3 NC = negative control.
4 FTU = phytase units.
5 Pooled standard error of mean.

3. Influence of dietary treatments on toe ash, tibia ash, tibia Ca and P contents of broiler from

0-21d old'
[eatinents Weiggllgtir%ain' Feegd/ ibr::f:ilke' g feezslz gain Morti’:/illity,

PC? 12.2° 37.9° 371 14.6°
NC3 9.8¢ 28.8° 35.2 12.8°
NC + 250 FTU/kg diet* 10.7¢ 32.4° 353 14.7°
NC + 500 FTU/kg diet 121 36.8° 36.2 14.3°
NC +750 FTU/kg diet 11.9° 36.6° 35.6 14.5°
NC + 1000 FTU/kg diet 12.2% 36.5° 36.3 14.5°
NC + 1250 FTU/kg diet 12.1%® 36.8° 36.7 14.4°
NC + 1500 FTU/kg diet 12.2% 36.5° 36.7 14.4°
Pooled SEM?® 0.097 0.51 11 0.196
P Value 0.012 0.004 0.195 0.018

@bc Means in a column not sharing a common superscript are significantly different (P < 0.05).

! Each value represents the mean of 6 replicates.
2 PC = positive control.

3 NC = negative control.

4 FTU = phytase units.

® Pooled standard error of mean.

er broilers. Supplementing phytase in the NC diets increased
feed intake and nutrient utilization, thus allowing better per-
formance.

The results of the bone mineralization of birds in different
treatments are showed in Table 3. Broilers fed the NC diet had
lower (P < 0.05) bone mineralization (measured as toe ash, tib-
ia ash and tibia P) than those fed the PC diet. Birds fed diets
supplemented with 250 FTU/kg phytase had higher (P < 0.05)
bone mineralization compared with birds fed the NC diet. But
there were significant differences (P < 0.05) in the toe ash and
tibia ash values between the broilers fed diets supplemented
with 250 FTU/kg phytase and those fed the PC diet, indicat-
ing higher bone mineralization of the birds in the treatment of
PC. No significant differences (P > 0.05) were found in tibia Ca
values. Toe ash, tibia ash and tibia P values in birds fed 500 to
1,500 FTU/kg phytase were similar (P > 0.05) to those of chicks

fed the PC diet, except that the toe ash in birds fed diets con-
taining 750 FTU/kg phytase were lower (P < 0.05) than that of
fed the PC diet. There were no significant differences (P > 0.05)
in bone mineralization of broilers fed different levels of phytase
(500 to 1,500 FTU/kg).

Although live performance is an important measure of any
dietary change, bone mineralization was generally more rep-
resentative index when P or Phytase were added. The content
of bone ash Ca and P have been regarded as the indicators of
bone mineralization. In this study, the dietary phytase con-
tents had a significant effect on toe and tibia mineral contents,
which were consistent with previous reports indicating the im-
provement in bone strength with the addition of phytase to
AP-deficient diets (Leeson et al,, 2000). The improvement was
related to the increase in apparent metabolism of minerals
from the phytate-mineral complex by phytase supplementa-
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tion. Ribeiro et al. (2003) reported that the addition of 280
FTU/kg phytase in phosphorus deficient diet improved bone
ash and breaking strength.

It appears that nutrient specification levels, phytate con-
centrations and phytase inclusion rates in broiler diets are crit-
ical, interactive variables. It is likely that high nutrient specifi-
cation levels may accommodate the anti-nutritive properties
of dietary phytate concentrations and negate responses to
phytase supplementation. Consequently, one approach is to
decrease nutrient specifications appropriately and counter po-
tential reductions in growth performance with phytase supple-
mentation, which has been shown to be economically viable
(Peter et al,, 2007: Selle et al, 2003). The benefits of the phy-
tase were showed when the basal diets were formulated not to
meet sufficiently requirements of Ross Nutrition Specification.

Conclusions

1. Broiler chickens fed AP-deficient (0.19% reduction) diet
supplemented with the novel thermostable phytase had simi-
lar growth performance and tibia P to those of broilers fed the
normal-AP diet (0.45%).

2. Increasing the phytase level to 1,000 FTU/kg offered
further improvement (P < 0.05) only in FCR, as compared
with phytase supplementation at a level of 250 FTU/kg. There
were no significant advantages in terms of performance and
bone mineralization by increasing the phytase addition beyond
1,000 FTU/kg.

3. Further research is needed to determine the effect of di-
etary phytase supplementation on plasma mineral content. m
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BrniamB TepmocTabinbHoi diTasu Ha
epeKkTUBHIiCTb pocTy i MmiHepanizauiio
KicTok y 6poiinepis

AHoTauis. bys nposedeHuli ekchepumeHm w000
BNnAUBY HOBOI mepMocmabinbHoi pimamu Ha
camyis kypyam-6poiinepis ("Ross-308"), axux
200yBanu payioHoM 3 Hecmayero 00CMyNHO20
docgopy (AP) dns pocmy i MiHepanizayii Kicmok.
lodiBns cknadanace i3 8 ekcnepumeHmManbHUX
pauioHis: 1-ii —no3umusHuli KOHMpPoOAbHUl
pauioH, wyo micmus adeksamHull piseHb [P, 2-ii -
HezamuBHuli KOHMPobHUll payioH 3 dediyumom
AP, i 6 payioHis 3 mum e pisem []®, wjo i npu
He2amuBHOMY KOHMPOi, ane 3 000aBaHHAM
pimamu 3 pizHoro akmusricmio (250, 500, 750,
1000, 1250 i 1500 himazHux oduHuyb (FTU/ke
KopMy). JodaBaHHA pimazu 3Ha4yHO nosinwuno
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(P<0,05) wBudkicms pocmy, CNo>KUBaHHSA KOPMY,
KOHBepCilo, MiHepani3ayito Kicmok nanbyis,
MiHepanizayito BeAUKOi 20MiNKOBOI KicmKu i BMicm
docopy y Beaukili 2ominkosili Kicmyi 6polinepis
NOPIBHAHO 3 MUMU, IKi OMPUMYBaAuU payioH 3
degiyumom []® (HezamusHuli KOHMPOAbHUL
payioH). Hiskux icmomtux siomiHHocmeii (P>0,05)
He 6yn10 BUABAEHO Yy KOHBEPCiT KOPMY | MiHepanisauil
Kicmok ceped 6polinepis, Aki ompumyBanu

Pi3Hi piBHi pimazu i mumu, akux 200yBanu
payioHoM 3 HeobxioHUM pisHem [l (nozumusHuii
KOoHmMponbHuli payioH). Pezynbmamu docaidxeHs
cBid4amb npo 3a00BifbHI NOKa3HUKU pocmy i
MiHepanizayil kicmok y 6polinepis, akux 200yBanu
payioHamu 3 dediyumom []®, donoBHeHUMU
mepmocmabinbHoro gimasoro.

KnroyoBi cnoBa: ¢pitasa, bpoisiep, NoKasHUKKM pocTy,

G:Cy,qacne

1-0 — nonoxxumenbHbIli KOHMPOAbHBIU payUoH,
codepxaujull adekBamHbili yposeHb [P, 2-Ui —
ompuyamebHbill KOHMPOAbHbIU payuoH
cdeduyumonm []®, u 6 payuoHoB c mem ke
yposHeM []®, umo u npu ompuyamenbHOM
KOHmMpose, Ho c dobaBaeHueM pumassi
paznu4Hol akmusHocmsio (250, 500, 750, 1000,
1250 u 1500 pumasHbix eduHuy, (FTU/k2 kopma).
Jlo6asneHue pumasbl 3HaHUMENBHO YAYHUWUNO
(P<0,05) ckopocmb pocma, nompebaeHue KopMa,
KOHBepcuto, MUHepanusayuro Kocmeli nanbyes u
60abwebepyoBoli Kocmu u codepixaHue pochopa
B 60a1bwebepyoBoli Kocmu 6polinepos no
CpaBHeHUIo C meMuU, Komopble NoAy4anu payuoH c
degpuyumonm []®d (ompuyamenbHbiii KOHMPOAbHbIL
payuoH). Hukakux cywjecmseHHbIx pasauyuli
(P>0,05) He 6b110 06HapYy»EeHO B KOHBEPCUU KOPMa

U MuHepanusayuu Kocmeii cpedu 6polinepos,
noAy4aBwux pasauyHsle ypoBHU pumassl, U memu,
KOMOPbIX KOPMUAU PaYUOHOM, COdepIKayuM
Heobxodumsiii yposeHb []® (nonoxumenbHbili
KOHMPObHbI payuoH). Pesynbmamel
uccnedoBaHull cBUGEMEABLCMBYIOM O HOPMAAbHbBIX
noKasamensx pocmax u MuHepanusayuu

Kocmeli y 6polinepos, KOMOPbIX KOpMUAU
payuoHamu c depuyumonm [j®, 0ononHeHHbIMU
mepmocma6unbHoli pumasodi.

MiHepai3aLif KiCTOK

X. O. TaH, X. I. I'ao, . Oxn

Bnusinue TepmocTabunbHoi puTasbi
Ha 3¢ pekTUBHOCTDb pocTa
M MMHepanusauumio Kocren y 6poiinepos

AHHoOTauus. bbin nposedeH sKcnepuMeHm no
oyeHKe BAUSHUS HOBOUl mepMocmabusbHoli
¢duma3ssi Ha camyoB ybinasm-6poliinepos
("Ross-308"), komopbix KOPMUAU PALUOHOM C
Hexsamkoli docmynHozo hocgopa (4P) dns
pocma u MuHepanusayuu kocmeli. Kopmnerue
€OCMosA0 u3 8 3KCNepUMEHMANbHbIX PaYUOHOB:

KnroueBble cnoBa: $putasa, b6polinep, nokasarem
pOCTa, MUHepanM3aLma KocTen
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