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O ptim izing  the  u tiliza tio n  o f  soybean  an d  
b e n n ise e d  (in p o u ltry  feed s) through d ie ta ry  

su p p lem en ta tio n  w ith  m ic ro b ia l p h y ta s e
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A B S T R A C T
The e ffe c ts  o f m ic ro b ia l p h y ta se  (N a tu p h o s ®  5000) s u p p le m e n ta t io n  o f c o rn -s o y b e a n  and 
b e n n is e e d  b ased  d ie ts  w e re  s tu d ie d  w ith  tw o  w e e ks  o ld  b ro ile r  b ird s  on  the  p a ra m e te rs  o f 
g ro w th  p e rfo rm a n c e , n u tr ie n t re te n tio n , and  a m in o  a c id  d ig e s t ib il i ty .  O ne h u n d re d  and  
tw e n ty  c h ic k e n s  w ith in  a w e ig h t ra ng e  o f 190 to  210g w e re  a llo tte d  in  a c o m p le te ly  
ra n d o m is e d  2 x 3  fa c to r ia l a rra n g e m e n t to  s ix  d ie ta ry  tre a tm e n ts . B o d y  w e ig h t g a in  (g) 
1074.17 + 12.26, feed  in ta ke  (g) 1913.17 ± 15.60 and  p ro te in  e ff ic ie n c y  ra tio  2.54 ± 0.16 w ere  
s ig n if ic a n t ly  (p  '< 0.05) in c re a se d  by p h y ta s e  s u p p le m e n ta t io n  o f so yb e a n  m eai and 
b e n n ise e d  d ie ts . S ig n if ic a n t (p •: 0.05) in c re a se s  w e re  a ls o  o b ta in e d  fo r  a p p a re n t re te n tio n s  
o f  d ry  m a tte r (DM ) 68.68 ± 3.72, n itro g e n  (N) 56.21 ± 2.83, p h o s p h o ru s  (P) 39.00 ± 2.14 and  
c a lc iu m  (Ca) 58.78 ± 3.16 a nd  a p p a re n t faeca l d ig e s t ib il i t ie s  o f  p ro te in  (% ) 8.11 ± 56 and  
a m in o  a c id s . T h e re  w e re  h o w e v e r s ig n if ic a n t  (P • 0.05) d if fe re n c e s  in the  m a g n itu d e  o f 
re s p o n s e  by s o y b e a n  m eal a nd  b e n n ise e d  to  p h y ta s e  s u p p le m e n ta t io n . F o r s o y b e a n  m eal 
d ie ts , a p p a re n t re te n tio n s  o f N 55.74 ± 2.83 and  p 37.88 ± 2 .14 a nd  p ro te in  d ig e s t ib il i ty  00.36 
± 1.20 in c re a s e d -ra p id ly  (p  ■ 0.05) w ith  400 FTU /kg  p h y ta s e  b u t m a rg in a lly  w ith  800 FTU /kg 
p h y ta se . O n the  c o n tra ry  fo r  b e n n ise e d  d ie ts , s u p p le m e n ta t io n  w ith  400 FTU /kg p hy ta se  
in c re a se d  a m in o  a c id  d ig e s t ib il i ty  m a rg in a lly  w h ile  800 F T U /kg  p h y ta s e  s ig n if ic a n t ly  (p < 
0.05) in c re a se d  the d ig e s t ib il i ty  o f a ll a m in o  a c id s .

K e y w o rd s :  S o yb e a n  m eal, b e n n ise e d , m ic ro b ia l p h y ta s e , b ro ile r  c h ic k e n s , n u tr it io n a l 
e va lu a tio n .

In t r o d u c t io n
P h o s p h o ru s  (P ) a n d  n itro g e n  (N ) a re  
e s s e n t ia l n u tr ie n ts  in s e v e ra l m e ta b o lic  
p ro c e s s e s , b u t th e  e x c re t io n  o f  h ig h  
a m o u n ts  o f e ith e i e le m e n t p io d n c o s  
e n v iro n m e n ta l p ro b le m s  m the  
w a te rc o u rs e s .

'C o rrespond ing  A u thor

A b o u t tw o - th ird  o f th e  P c o n ta in e d  in the  
g ra in s  o f  c e re a ls , le g u m e s  a nd  
o le a g in o u s  s e e d s , is p re s e n t as  p h y t ic  
a c id  (c o m m o n ly  te rm e d  p h y ta ie ) .  P h y ia te -  
P (p p ) is p o o r ly  a v a ila b le  in  n o n -ru m in a n t 
a n im a ls  b e c a u s e  th e y  la ck  th e  e n z y m e  
p h y ta s e , w h ic h  h y d ro ly s e s  p h y ta te  in to  
m y o - in o s ito l a n d  in o rg a n ic  p h o s p h a te .
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Phytate is a lso able to bind w ith  prote ins 
at low and neutra l pHs [1-2] and inh ib its  
a -am ylases, trypsin , tyros inase  and 
pepsin in the in testina l tract [3-4], These 
com p lexes decrease  the activ ity  of 
d igestive  enzym es w ith  a subsequent 
decrease  in the d ig estib ility  o f d ie tary 
prote ins. Phytic acid, being a strong 
acid, can also form  salts w ith  im portan t 
m inera ls  such as ca lc ium  (Ca), 
m agnesium  (M g), cop pe r (C u ) , . z inc 
(Zn), iron (Fe) and potass ium  (K), 
reducing  the ir so lub ility  [5],

The add ition  of phytase enzym e to 
feeds has been used to reduce the 
pollu tant’ residues, through im proving 
the u tilization  of phyta te-bound  m inera ls 
in pig and pou ltry  d ie ts  and decreasing  
the use o f " ino rgan ic  sources. The 
am ount o f phytate  degraded  by die tary 
phytase inclusion  reduces the need for 

-.inorganic P add ition  by 1 to 1.2 g/kg in 
p ractical d ie ts fo r pigs and poultry [6], 
Data ind icated that adding phytase 
increased the apparen t d igestib ility  of 
Ca and P in .bro ile rs  and reduced the 
am ount of P excre ted  [7], im proved the 
apparent u tilization  of dry m atte r (DM),
N and P in turkey pou lts and increased 
t-he re tention of P and N in p igs [8],

The purpose o f this study is to exam ine 
the response o f b ro ile rs  to m icrobia l 
phytase added to co rn-soybean  meal 
and corn -benn iseed  d iets. The efficacy 
of supp lem enta l phytase w as eva lua ted 
at three concen tra tions  in term s of its 
e ffect on perfo rm ance, apparent 
re tentions of DM, N, P, PP and Ca a.nd 
apparent faecal d igestib ilities  o f protein 
and am ino acids.

M A TE R IA LS  AN D  M ETH O D S
The study was carried  out at the 
Departm ent o f Farm  A n im a l E tho logy 
and Poultry P roduction, Institu te  o f 
Anim al H usbandry and A n im a l* 
G enetics, U n ivers ity  o f H ohenheim , 
S tuttgart. G erm any, in acco rdance  w ith

the G u ide lines issued by the G erm an 
R egula tions for C are and T rea tm en t o f 
Anim als  fo r.S c ien tific  Purposes [9],

E x p e rim e n ta l D e s ig n
The m icrob ia l phytase  ( E C .3 .1 .3.8) 
used in th is exp e rim en t w as N atuphos®  
5000, a com m erc ia l enzym e preparation  
(BASF C orpora tion , Ludw igshafen, 
G erm any) w ith  a phytase  activ ity  o f 
5000 units/g. One phytase unit (FTU) is 
defined as that am ount o f phytase 
activ ity, w hich  libe ra tes ino rgan ic  
phosphorus from  0.5 nM sod ium  
phytate solu tion, . at a rate of 1 
pm ol/m inute  at pH 5.5 and 37°C. The 
experim enta l des ign  w as a com p le te ly  
random ized 2 x 3 factoria l a rrangem en t 
of treatm ents. The variables! w ere  feed 
ing redien ts  o f two p lant . p rote ins 
(soybean m eal and benn iseed) and 
phytase add itions  of 0, 400, and 800 
phytase units (FTU) per kg o f feed. The 
basal unsupp lem ented  soybean m eal 
and benniseed d ie ts  con ta ined  0 
FTU/kg. D iets w ere  fo rm ula ted  to  be 
isocalo ric  .and ison itrogenous based on 
nutrient values for the soybean m eal 
and benniseed used (Tab le  1). S tarte r 
d ie ts p rovided 0 .70%  tota l P while. 
C a:tota l P ratio w as m a inta ined  at 1.4 :
1 to m eet NRC [10] requ irem ents. All 
feed w as in m ash form.

C h ic k s  and  M a n a g e m e n t
One day-o ld  b ro ile r ch ickens (n =150) 
obta ined from  a com m erc ia l hatchery, 
w ere p laced in e lec trica lly  heated 
battery brooders and o ffe red a 
com m erc ia l s ta rte r d ie t (230 g crude  
p ro tem /kg j ad  lib itum . A t the  end o f  tw o  
weeks, 120 o f these  ch icks  4 /ith ln  a 
w e ight range o f 190 to  210g  w ere  
allo tted in a com p le te ly  random ized  
a rrangem ent to six d ie tary  trea tm ents 
Each trea tm ent w as sub -c iv  dec in fou r 
rep lica tes o f 5 b irds each and housec n 
separate  pens R oom  tem p era tu re  w as 
m ainta ined at 32 + 1°C dunng  the  firs t
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w eek  and g rad u a lly  decre ase d  to 18°C 
by the  end o f the  fifth  w eek.

The  b irds re ce ived  co n s ta n t flu o re sce n t 
illum ina tio n  and w e re  a llow ed  free  
acce ss  to food in m ash  fo rm  and w ater. 
Ind iv id u a l body w e ig h t and pen feed 
in take  w ere  recorded . A  tota l co lle c tio n  
o f exc re ta  w as* m ade  during  the  5ih 
w ee k  for three  d ays for the d e riva tio n  o f 
a pp a ren t re ten tio n s  of DM, N, P, PP 
and Ca and d ig e s tib ilit ie s  o f p rote in  and 
a m ino  acids. D uring  th is  period, feed 
in take w as  m e asu red  and all exc re ta  
vo ided  w.ere i co lle c te d  and s to red  at -  
20°C, F rozen  e xc re ta  sam p les  w ere  
fre eze-d ried ,.’w e ig he d , fine ly  g round  and 
poo led  fo r che m ica l ana lyses.

C h em ic a l A n aly s is
The feed ing re d ie n ts , fo rm u la ted  d ie ts  
and exc re ta  sam p les  w ere  ana lyze d  to 
d e te rm in e  DM, c ru de  p rote in , c rude  
fibre, to ta l fat, ash, sugar, s ta rch , Ca, P 
and tita n ium  ox ide  using m e thods 
re com m e n de d  by V D L U F A  [11], P hyta te  
p h o sp ho ru s  w as ana lyze d  using  the 
an ion  e xch a n g e  ch ro m a to g ra p h ic  
m ethod  [12], Feed sam p les  w ere  
ana lyze d  for phy tase  by incu ba tion  at 
pH 5.5 and 37°C [13] and p hy tase  
a ctiv ity  w as ca lcu la ted  as fo llo w s : 
phy tase  u n its /kg  - ( P x  100 0 )/(W  x 60), 
w he re  P w as  m ic ro m o le s , o f P libe ra ted  
by phy tase  in 60 m inu tes , W  w as 
sam p le  w e ig h t (g) and 60 was. the 
incu ba tion  tim e  (m in u te s ). A m in o  acid  
a na lyse s  w ere  con du c te d  w ith  a 
B eckm an M u ltic ro m  B 425 5  a m ino  acid  
a na lyze r, a fte r 24 h hyd ro lys is  w ith  6N 
h yd ro ch lo r ic ’ acid. A ll sam p les  w ere  
ana lyze d  in dup lica te .

C alcu la tio n s
The  a pp a ren t faeca l d ig e s tib ility  
co e ffic ie n ts  o f c ru de  p ro te in  and a m ino  
a c ids  and re ten tio n  va lu es  o f DM, N, P, 
PP, and Ca w ere  es tim a te d  by using  
0 .5% ' tita n ium  ox ide  at the  exp en se  o f 
co rn  as an ind ig es tib le  marker.. The

fo llo w in g  e qu a tion  w a s  used to  ca : 
the  d ig e s tib ility  and 
coe ffic ien ts :

A p p a re n t n u trie n t d ig e s tib ility  =
(N T /T O V  (N T /TQ U  

(N T / tO )d

W h e re  (N T  / T O ) a = ra tio  o f n u trit i.t 
tita n iu m  ox id e  in d ie t, and

(N T  / T O )e = ra tio  o f n u trie n t a 
tita n iu m  ox ide  in e x c re ta .(22).

S ta tis tic a l A n a ly s is
M u ltiva ria te  A n a lys is  o f Varlam  
(M A N O V A ) w a s  used to  a na lyze  ti 
da ta  using  the G e n e ra l L in e a r M ode lir 
P ro ce d u re  [14], The  sou rces  o f err 
tha t w e re  a n a lyze d  inc lu de d  e ffe c ts  
p ro te in  sou rce , p hy tase  leve l and the 
in te ra c tio n s . S ig n ifica n ce  leve l w as 
at P< 0.05.

R E S U L T S
The  c h e m ica l co m p o s itio n s  o f soybeu  
m eal a nd  .b e n n ise e d  and o f 
c o rre sp o n d in g  d ie ts  a re  show n 
T a b le s  2 and  3. T h e  va lu e s  fo r crus- 
p ro te in  and  s ta rch  w ere  h ig h e r i 
soyb ea n  m eal w h ile  to ta l fat, ash, nor. 
s ta rch  p o lysa cch a rid e s  and apparen  
m e ta b o lisa b le  e ne rg y  'were h ig h er ir 
b en n ise e d . S oyb ea n  m eal con ta ined  
lo w e r c o n c e n tra tio n s  o f m eth ion ine , 
m e th io n in e  + cys tin e  and tota l am ino  
a c ids  but v a lu e s  fo r h is tid ine  and 
th re o n in e  w e re  h ig h e r in soybean  m eal 
than  b e n n isee d .

The  p e rfo rm a n ce s  o f b ro ile r ch icks  fed 
the  va r io u s  d ie ta ry  tre a tm e n ts  are 
sho w n  in T a b le  4. B ody w e ig h t ga ins 
w e re  s ig n ifica n tly  (P < 0 .0 5 ) increased  
by so yb e a n  m ea l d ie ts  sup p le m en ted  
w ith  400  and  800  F T U /kg  phytase  and 
benn feeed  d ie t su p p le m e n te d  With 800 
FT U /kg . S ig n ifica n t m ain  e ffects  of 
p ro te in  so u rce  (P = 0 .0 83 3 ) and phytase
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leve l (P = 0 .0563) w ere  observed  for 
soybean  m eal but prote in source  x 
phytase leve l in te raction  w as not 
s ign ificant. Feed intake fo llow ed a 
s im ila r trend to w e ight gain except that 
b irds on benn iseed  die t supp lem ented  
w ith  800, FTU /kg phytase, consum ed 
m ore feed (P < 0 .05) than those on 
soybean  m eal d ie t supp lem ented  w ith 
the sam e units  o f phytase. The 
e ffic iency  o f feed u tilization  m easured 
as feed: w e ig h t gain ratio, w as not 
in fluenced  by phytase supp lem enta tion  
but soybean  m eal d ie ts  w ere better 
u tilized  as b irds on this d ie t consum ed 
less feed for increased  body weight. 
There  w ere  s ign ifican t (P < 0.05) 
increases in PER va lues of soybean 
m eal d ie t supp lem en ted  w ith  400 
FTU /kg phytase  and of benn iseed  diet 
sup p le m en ted  w ith  800 FTU /kg 
phytase. The d iffe rences between 400 
FTU /kg and 800 FTU /kg phytase levels 
w ere  s ign ifican t (P < 0 ,05) for
benn iseed  d ie t but not s ign ificant for 
soybean m eal diet.

The  results  o f apparen t re ten tions  of 
DM, N-, P, and Ca are show n in Table  5. 
In the unsup p le m e nted  soybean m eal 
and benn iseed  die ts, apparen t DM 
re ten tio n s- w ere  67.77 and 65.37%  
respective ly . The add ition  of phytase to 
soybean m eal and benn iseed  d ie ts 
s ign ifican tly  (P < 0 .05) ■ increased
nutrien t re ten tion  in both d ie ts  but the 
m agn itude  o f increase  w as m ore for 
benn iseed  d ie t supp lem en ted  w ith  800 
FTU /kg than soybean  m eal d ie t s im ilarly  
supp lem en ted . A pp a ren t N re ten tion  
w as s ign ifican tly  (P < 0 .05) increased by 
400 FTU /kg phytase  for both d ie ts and 
there w as a s ign ifican t phytase .leve l 
effect (P = 0 .027 ) and s ign ifican t prote in  
source x phytase leve l interaction (P = 
0 061)

A  significant phytase effect (P  £ 0 05) 
was also observed for P retention with
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both feed ing red ien ts . The increases 
obta ined  for soybean  m eal d ie ts  
supp lem en ted  w ith  400 and 800 FTU /kg 
phytase w ere  -1 1 .5 8 %  and 14.87%  
respective ly  w hile  I for b enn iseed  d ie ts ' 
they w ere  13.47 and 13.53%  
respective ly . The appar&Vit re ten tion  of 
phyta te-P  w as s ign ifica n tly  (P < 0 .0 5 ) ' 
low er for u nsupp lem ented  soybean  
m eal d ie ts  (1 1 .51% ) than 
unsupp lem ented  b enn iseed  d ie ts
(16.46% ). S up p lem e n ta tio n  w ith
phytase fo llowed the sa m e .tre n d  w ith  P 
re ten tion  except tha t s ign ifica n t e ffects  
o f prote in sou rce . (P = 0 .0 29 6) and 
phytase leve l (P = 0 .0639) w ere
observed  w h ile  in te raction  between, 
prote in  source  x phytase  leve l w as not 
s ign ifica n t (Table 5). •

The e ffects  o f phytase on Ca re ten tion  
w ere  s im ila r across all tre a tm e n t levels. 
For this param ete r, sup p le m en ta tio n  
w ith  400 and -800 FTU /kg  phytase 
s ig n ific a n tly . (P < 0 .05) inc rea se d  Ca 
re ten tion  in both d ie ts but the m agn itude  
of response  was g rea te r fo r soybean 
m eal than benniseed d iets.

The apparen t d ig e stib ilitie s  o f prote in  
show n in F igure 1 and T a b le  6, w ere  
s im ila r for u nsupp lem ented  soybean  
m eal and benn iseed  d ie ts  (0 FTU /kg 
phytase) but im proved s ign ifica n tly  (P<  
0 .05) w ith 400 FTU /kg phytase  
supp lem enta tion . F u rthe r
supp lem en ta tion  w ith  800 FTU /kg 
phytase gave a dd itiona l but 
nonsign ifican t increases fo r both d ie ts  
(P > 0.05):

Apparent ammo acid digestibilities 
(Table 6) were also significantly (P  < 
0 05) increased by microbial phytase 
supplementation but the response fo r 
benniseed was poorer and different 
from soybean meal. W hereas  
supplementation of benniseed diet w ith  
400  FTU/kg phytase significantly (P<
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0 .0 5 ) inc rea se d  the d ig e s tib ilit ie s  o f on ly 
a rg in in e  and leuc ine , soyb ea n  m eal d ie t 
su p p le m e n te d  w ith  the  sam e u n its  of 
p hy tase  s ig n ifica n tly  (P 0 .05) 
inc rea se d  the d ig e s tib ilit ie s  o f th reo n in e  
(7 .7% ), va lin e  ( / .4 % ) ,  leuc ine  (0  0% ) 
and b as ic  a m ino  acids; a rg in in e  (3 3% ) 
and  lys in e  (3':1% ). S u p p le m e n ta tio n  of 
bo th  d ie ts  w ith  ,800 PTU /kg  phytase  
s ig n ifica n tly  (P -j 0 05) inc rea se d  the 
d ig e s tib ilit ie s  o f !a rriino  a c ids  in both 
d ie ts , the va lu es  ra ng ing  from  4.5  to 
7 .3 %  for soybean  m eal and 5.4 to 7 3% 
fo r b enm seed  d ie ts  B ra nch -cha ine d  
iso le u c in e  (5 .4% ) and bas ic  a m ino  acid , 
lys in e  (4 5% ) gave  the least inc re a se s  
in a p p a re n t d ig e s tib ility  va lu es  for 
b e n n ise e d  d ie ts.

D IS C U S S IO N
The che m ica l com p os ition  data  in T a b le  
1 u n d e rsco re  the po ten tia l va lu e  of 
b e n n ise e d  as a sou rce  o f n u trie n ts  for 
fa rm  a n im a ls . The  cru de  p ro te in  
con te n t, though  low e r than tha t o f 
soyb ea n  m eal, com p ares  fa vo rab ly  w ith  
fu ll fat soybean  [15] and su rp a sse s  
tho se  re po rte d  (or C nnavaha. V ictn a n d  
P h a s cu lu s  spec ie :, [10, 17.) The
co n te n ts  o f to ta l P, . Ca, s ta rch  and 
m e ta b o lisa b le  e n e rg y  w ere  h ig h e r in 
b e n n ise e d  than soyb ea n  m eal, a 
c o n firm a tio n  tha t ben n isee d  is a 
fe e d s tu ff o f h igh n u tritio n a l va lu e  The  
d iffe re n ce s  in the che m ica l 
c o m p o s itio n s  re flec t d iffe re n ce s  in the 
in h e re n t c h a ra c te ris tics  o f the  tw o 
o ilse e d s  A  s ink ing  fe a tu re  is the  
d iffe re n ce  in the  m e th io n in e  and 
m e th io n in e  + cys tin e  co n ten ts , w h ich  
w e re  h ig h e r in ben n isee d  than soyb ea n  
m eal. A lth o u g h  soyb ea n  Is kno w n  to 
have  the  m o st co m p le te  a m in o  acid  
p ro file  am on g  p lan t p ro te ins , it is 
d e fic ie n t in m e th io n in e  [18) and, 
b o rd e rlin e  in cys tine  [19], w h ich  m a ke s  
it n e ce ssa ry  to  fo rtify  s o y b e a n -b a s e d  
d ie ts  w ith  syn th e tic  m e th io n in e  o r 
m e th io n in e  + cys tin e  to e nsu re  tha t

the se  a m in o  a c id s  a re  not lim iting . 
S tud ies  have  sh o w n  th a t b enn iseed , 
S e sa m u m  ind icu fn . has  a h igh  po ten tia l 
as a p ro te in  re p la ce r, bu t tha t the  
tox ic ity  c o n fe rre d  by h ea t-s ta b le  
a lle to ch e n u ca ls  s e ve re ly  re s tr ic t its use 
in m o n o g a s tr ic  a n im a l n u tr it io n  [20 ] The 
tw o p lan t p ro te in s  used  in th is  s tudy 
w ere  p ro ce sse d  by h ea t tre a tm e n t in 
o rde r to  re m o ve  the  h e a t- la b ile  tox ic  
fac to rs  be fo re  in c lu s io n  in the  basal 
d ie ts  a t ra tes  d e s ig n e d  to su p p ly  the 
re co m m e n d e d  a m o u n ts  o f N, P and 
a m ino  a c ids  fo r s ta rte r b ro ile r ch icke n s  
[ 10]

The in a b ility  o f p o u ltry  b irds  to u tilize  
d ie ta ry  p h y la te  w a s  c lea rly  
d e m o n s tra te d  by the  s ign ifica n t 
in c re a se s  jn feed  in ta ke  and body 
w e ig h t g a in  of b ro ile r ch icks  fed corn- 
soyb ea n  and c o rn -b e n n ise e d  d ie ts  
su p p le m e n te d  w ith  m ic ro b ia l phy tasa , 
T h ese  resu lts , w h ich  a g re e d  w ith  som e 
p rev io us  re p o rts  [7, 8, 21], d e m o n s tra te  
tha t s u p p le m e n ta l p h y ta se  is e ffe ctive  
for o p tim u m  g ro w th  in pou ltry. The 

f im p ro ve d  body w e ig h t g a in s  a ttrib u ta b le  
to the  su p p le m e n ta l p h y ta se  w ere  
a sso c ia te d  w ith  in c re a se d  feed  in take 
and a lso  b e tte r p rote ii'j u tilisa tio n . The 
PER va lu e s  fo r so yb e a n  m eal and 
b en n isee d  d ie ts  w e re  s ign ifica n tly  
inc rea se d  by p h y ta se  su p p le m e n ta tio n , 
su g ge s tin g  an im p ro ve m e n t in p rote in  
d ig e s tib ility  o f feeds and inc rea se d  
a va ila b ility  o f a m in o  a c ids  fo r the birds.

P hy ta se  su p p le m e n ta tio n  re su lte d  in 
s ig n ifica n t im p ro ve m e n ts  in a p p a re n t 
re ten tio n  o f DM , N, P, PP and Ca, w h ich  
a re  co n s is te n t w ith  the. o bse rve d  
in c re a se s  in^ the  fae ca l d ig e s tib ilit ie s  o f 
p ro te in  '(fig. 1) and  a m ino  a c ids  (T ab le  
6). S im ila r im p ro ve m e n ts  have  been 
re po rte d  in o th e r s tu d ie s  v /ith  b ro ile rs  for 
a p p a re n t n itro g e n  re te n tio n  [22], 
p h o sp h o ru s  re te n tio n  [23 ], phytat 
p h o sp h o ru s  re te n tio n  [24 ], ca lc ium  
re ten tio n  [25 ] and  fae ca l a m in o  acid
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d ig e s tib ility  [2-1], In v itro  s tud ies  have 
sho w n  tha t p h y ta te -p ro te in  com p lexe s  
a re  in so lu b le  and less sub jec t to a tta ck  
by p ro te o ly tic  e n zym e s  than the 
u n co m p le xe d  p ro te in  [26], O w ing to  its 
n o n -sp e c ific  action , phy ta te  a lso  b inds 
w ith  the  m a jo r p ro te o ly tic  enzym es, 
pepsin  [27 ] and tryps in  [4], re le a se d .in to  
the  g u t lum en  during  d igestion , 
e ve n tu a lly  lead ing  to low ered  
d ig e s tib ilit ie s  o f N and a m ino  acids. It is 
th e re fo re  like ly  tha t w hen  phytase  
hydro lys.es the  e s te r bonds to re lease  P 
from  p hy ta te -P , it w ill a lso  re lease  the 
p h y ta te -b o u n d  p ro te in s  and rem ove  the 
n eg a tive  , e ffe c ts  o f phy ta te  on 
p ro te o ly tic  e n zym es, the re by  increas ing  
the  d ig e s tio n  and a bso rp tio n  o f p rote in  
and a m in o  acids. In v ivo  da ta  gen e ra ted  
in la c ta tin g  sow s, lend sup po rt to the 
p ro p o s itio n  tha t p hy ta te  inh ib its  .trypsin  
a ctiv ity  and  tha t th is  inh ib itio n  is p a rtia lly  
re ve rse d  by su p p le m e n ta l phy tase  [28], 
T he  im p ro ve m e n t in Ca re ten tion  w as 
e xp e c te d  b ecau se  phytase  libe ra tes  Ca 
from  the  C.a -  p hy ta te  com p lex  and as 
the  a va ila b ility  o f. P increases, the  
a va ila b ility  o f Ca a lso  inc rea se s  
b ecau se  both  a re  ' part o f the  sam e 
co m p le x  [6],

The re a so n s  for the s ign ifican t 
d iffe re n ce s  in re spo nse  to phytase  
s u p p le m e n ta tio n  by soybean  m eal and 
b en n isee d  are not c le a r but two 
p oss ib le  m o de s  o f - action  m ay be 
p rop o se d  to e xp la in  the  d iffe ren ces  
b e tw e en  the  tw o  p lan t p ro te ins. First, 
r. any p la n t see ds  con ta in  e nd og en ou s  
o hy tase  w h o se  a ctiv itie s  m ay vary ,for 
d iffe re n t 'p la n ts  [29], The  d ig e stib ility  
c o e ffic ie n ts  o f p lan t feed in g re d ie n ts  
w ith  h ig h e r e n d o g e n o u s  enzym e 
a ctiv itie s  tend  to  be h ig h e r than those  
w ith  lo w e r e n d o g e n o u s  a ctiv itie s  and 
add itio n  o f p h y ta se  to  such fee ds tu ffs  
w ou ld  th e re fo re  be exp ec ted  to y ie ld  a 
lo w e r a b so lu te  response .

S econd ly , p lan ts  d iffe r g e n e ra lly  in th e ir 
s to ra ge  s ites o f p hy ta te  and  va r ia tio n  in 
response, to s u p p le m e n ta l p h y ta se  m ay 
re la te  to the  re spe ctive  s to ra g e  s ite s  o f 
the  com p ou n d  [29], In m a ize , p h y ta te  is 
con ce n tra te d  in the  g e rm  [30], in w h e a t 
it is in the a le u ro n e  la ye r [29 ], in 
p e a n u ts . it is co n ce n tra te d  in the  
c rys ta llo id s  [31] and in so yb ea n , p hy ta te  
is a sso c ia te d  w ith  the  p ro te in  b od ies  
[30]. The  s to ra ge  site  o f p hy ta te  in 
b enn iseed  is not know n  but m ay be 
d iffe ren t from  tha t o f soyb ea n . The  
'lo ca tio n a l' d iffe ren ces  m ay in flu e n ce  
the  su sce p tib ility  o f the  native  p h y ta te  to 
h yd ro lys is  by e xo g e n o u s  p hy tase , and 
thus exp la in  som e o f the  va r ia b ility  in 
the re su lts  d escribe d  in th is  study.

O vera ll, the. find ing s  o f th is  s tu d y  
e m ph as ize  the  re leva nce  o f p h y ta te -P  
and phyta te  -  p ro te in  co m p le xe s  in 
p rac tica l p ou ltry  n u trition  and  
d e m o n s tra te  the u se fu ln ess  o f m ic ro b ia l 
phy tase  as a too l to lo w e r the  e xc re tio n  
o f P and N in fa rm  a n im a ls , # h e  re su lts  
show  tha t phytic  acid  is a p o te n t a n ti- 
n u trition a l fa c to r w h ich  can  im p a ir the  
a va ilab ility  o f P, Ca, p ro te in  and a m in o  
acids and e ve n tu a lly  d e p re ss  g row th  in 
b ro ile rs . It w as d e m o n s tra te d  tha t the  
a dverse  e ffects  o f d ie ta ry  p hy ta te  cou ld  
be overcom e, by su p p le m e n ta l m ic ro b ia l 
phy tase. T he  . ben e fic ia l e ffe c ts  o f 
phytase, for the m ost part, w as  d ue  to 
an im p ro ve m e n t in the d ig e s tib ility  of. 
phy ta te  . -  b ound  n u trie n ts  w h ich  
p rov ided  the  b ird s ' ■ w ith  a d d itio n a l 
n u trie n ts  that, w e re  lim iting  in the  
u n sup p le m e n ted  die ts.

H ow ever, phytase  e ffe c ts  w e re  
inco ns is te n t and varied , a lth o u g h , the  
leve l o f respo nse  w a s  g e n e ra lly  m ore  
fo r soybean  m eal than  b e n n ise e d  d ie ts. 
C on se qu e n tly , the  b en e fits  o f p hy tase  
sup p le m en ta tio n  o f d ie ts  co n ta in in g  
feed ing re d ie n ts  o f va ry in g  p la n t o rig in , 
m ay not be entire ly, p re d ic ta b le  $ u t m ay 
depend  on. va riou s  fac to rs  such  as the
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type o f feed ing re d ie n t; the die tary 
con ten t o f phytate, sto rage s ites of 
phytate and e nd o g e n o u s- phytase 
activ ities  in the ingredien ts.
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Soybean Benniseed
Table 1: Com position o f Experimental Diets, g/kg (as fed basis)1 ______________

Ingredients 1 - Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 D iet6
Corn (Hohenheim) . 538.00 538.00 538.00 . 515.00 515.00 515.00
Soybean meal (48% protein) 346.00 346.00 346.00 278.70 278.70 278.00
Benniseed 161 00 161.00 161.00
Soyaoil 69.00 69.00 69 00 4.00 4.00 4.00
Limestone 10.00 10.00 10.00 . 8 80 8.80 8.80
Dicalcium phosphate 16.00 16.00 16 00 12 00 ' 12.00 .12.00
Choline Chloride 2.00 200 2 00 . 2 00 2.00 2.00
Sodium bicarbonate 5.20 520 5.20 5 20 5.20 5.20
L-Lysine-HCI . 5.00 500 5.00 550 5.50 5:JU
Methionine 1.00 1.00 1.00 0.30 0.30 0.30
Vitamin-Premix7 2.00 2.00 2.00 2.00 2.00 2.00
Trace elemenfpremix3 0.80 0.80 080 0 80 0.80 0.80
Phytase (PU)4 400 800 400 800
Titanium oxide (TiO?) 5 00 5.00 500 5 00 5.00 f\  5.00
Calculated Composition5
ME. (MJ/kg) 13.53 13 50 13 52 • 13.57 13.57 13.59
Crude Protein 234 00 230 00 235 00 238 00 240.00 236.00
Calcium 10 00 12 00 1000 11 00 10.00 10.00
Total Phosphorus (P) 07.10 07 10 07.30 .07.70 07.50 07.50
Calcium: Total P ratio 1 42 1.69 1.36 1.42 13.30 1.33
Starch 367.90 367 00 367 20 347.60 348.00 347.00
Sugar 47.10 WOO 47.20 39.20 39.00 39.00

.. Lysine 15.70 15.70 15.60 14,70 . ; 14.50 14.50
Methionine 04.00 04.20 04.10 04:30 • 04.20 04.30
Analysed Composition
Dry Matter 902.70 900.00 ' 898.50’ 911.20 i 895.60 902.50
Crude Protein 237.10 236.20 237.20 240 90 | 235.90 239.30
Crude Fibre 35.10 34.20 35.90 34.60 ; 39.40 38.00
Phytic acid 106.60 106.00 106.50 117.00 115.20 121.00
Phytate P. 02.70 02.70 02.70 03.20 03.10 03.40
Total P. 07.20 07.40 07.00 07.50 07.20 07.10
Nonphytate 04.50 04.70 04 30 04.30 04.10 03.70
Calcium . 11.20 . 12 00 12.00 11.20 . 12.00 12.10
Calcium: Total P ratio 1.56 1.62 1.71 1.76 . i 1.66 1.70

' Gross Energy (MJ/kg) 17.50 17.70 17.55 18.56 1 18 57 18.57

1 Calculated to meet or exceed the requirements of broiler starter diet (NRC, 1994)
2 Vitamin mixture provided the following per kilogram ,of diet: vitamin A(retiny1 acetate), 8,800 IU; cholecalciferol, 
2,200 IU; DL-a-tocophery1 acetate, 11 IU; meanadione sodium bisulfite. 2.2mg; riboflavin. 4.4 mg; D-calcium 
pantothenate, 8.8 mg; nicotinic acid, 44 mg; pyridoxine hydrochloride, 2.2 mg; folic acid, 0.55 mg; d-biotin, 0.11 mg; 

•thiamine hydrochloride, 2.5 mg; vitamin Bi?. 6.6 pg; chlorine, 220 mg; and ethoxyquin, 125 mg.
JMmeral mixture- provided the following per kilogram of diet: Mn. 60 mg; Zn, 50 mg; Fe, 30 mg; Cu. 5 mg; I;' 1.06 mg; 
and Se. 0.1 mg. *
<One unit of phytase.(PU) is defined as the quantity of enzyme that releases 1pmol of inorganic P/min from 0.00015 
mol/L sodium phytate at PH 5:5 at 37°C.

; 5 Calculated composition based on values determined for individual ingredients.
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Table 2: Composition of Soybean and Benniseed (g/kg)1

llngredient Soybean meal Benniseed

Dry matter 915.0 960.0
Crude protein (N x 6.25) • ° 483.0 380.0
Total non-starcb polysaccharides 43.8 49.0
Ether extract / • - ;  ‘ 38.6 212.9
Crude ash f, 489 56.7
Total Phosphoms (P) 7.4 8.0
Rhytate P. 4.2 5.4
Nonphytate P. 3.7 3.0
Calcium 8.6 • 10.8
Sugar 6.4 4.5
Starch 10.3 • 9.7.
Apparent metabolizable energy (MJ/kg) 14.5 17.8
Lysine 27.8 27.4
Methionine 6.5 7.9
Methionine + Cystine 11.7 13.4
Histidine 13.8 12.6
Threonine 19.1 11.5
Total amino acids 143.4 >1 152.8

'All except apparent metabolisable energy are determined values.

A
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Table 3:- Crude Protein and Amino Acid Concentrations in Experimental Diets, g/kg (air dry basis)

Soybean Benniseed

llngredients 0 400 800 0 400 800
Dry matter 902.70 900.00 898.52 911 20 895 60 902. y j
Crude protein (N x 6.25) 237.12 236 25 .237 20. 240 90 235 92 239.jo

Essential.amino acids 8.50 8.74 8.51 8.28 8.42 8.51
9.90 10.47 10.26 9.66 10.12 10.35

Threonine 4.00 4.03 4.14 4.00 3.91 3.30
Valine 9 00 9.55 9.43 874 9.00 9.00
Methionine 19.80 20.35 20.15 19 23 19.32 19.55
Isoleucme 11.60 11.96 11 50 11 39 11.50 11.50
Leucine 5.80 . 5.98 5 75 5.75 . 5.75 . 5.75
Phenylalanine .15.20 .15:53 15 40 14.26 14.72 14.84
Histidine 14.50 15.00 14.49 16.56 . . 16.91 16.79
Lysine ..
Arginine
Cystine

3.70 3.82c 368 . 4.00 3.91 3.91

Non-essential amino acids

Aspartic acid 3 22 3.28 3 30 5 20, 5:10 5.20
Serine 2.68 2.66 2 70 2 88 . 2.90 2.90
Glutamic acid 28.44 28.40 28 42 35 60 34.70 35.00
Alanine 2.82 2.85 281 2 77 2.80 2.81
Tyrosine 4 20 4.22 4 19 5 16 512 5 11
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Table 4: The Effect of Microbial Phytase Supplementation on Performance Parameters o.f Broiler Chicks Fed
Corn-Soybean/Oennisecd Diets'

TREATMENT MEASUREMENTS3

yicrobial Total body weight Total feed intake Feed/g Gain/feed PER*

Ingredient phytase. gain (g) (n) ain (g/g) •

. (PU/kg diet)" (g/g)

Soybean 0 1004.67 1903.83 1.90 0.53 2.54s

400 1050.83 1876.17 \ 1.79 0.56 2.77*

800 1074 17 1913.17 ^ 1.79 0.56 2.81°

S E M ! 12 26 15.60 0.05 . 0.004 0.16

Benniseed ' 0 1078.67 1995.00" 1.85 0.54 2.63

o o 1092.33. 2029.83" 1.86 0.54 2.67

1 800 1103.00: 2137.44° 1.9.3 . 0.52 2.77

SEM- 16.00 22.10 0.08 0.04 0.09

Probabilities
Source of variation

Protein source effect 0 1833 0.1155 0.1336 0.1674 , 0.0171*

Phytase level effect 0.5563 0.5607 0.4699 0.5092 0.5118

Protein source x phytase level 0.8648 0.6951 0.1202 0:622 0.3122

'Data represent means of six dietary treatments of 20 broiler chicks during the period 14 -  35d posthatching 

:'PU. Phytase Unit/kg diet
'Values within a classification in the same column followed by different letters are significantly different (P ^  0.05) 

^Protein efficiency ratio: g weight gam/g crude protein intake 

^Standard error of mean 

'  P <0.05

&
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Table 5:
4

Apparent retentions of Dry Matter (DM), Nitrogen (N), Total Phosphorus (P), Phytate Phosphorus (PP) 
and Calcium (Ca) in Broilers Fed Soybean/ Benniseed-Corn Based Diets with Phytase 
Supplementation1

TREATMENT MEASUREMENTS -

Microbial phytase

Protein source " (PU/kg diet)7
DM

retention

N

retention

P

retention

P P

retention

Ca retention

Soybean 0 67 77 5? 33s 33 95s- 11.51* 43.54c

-E
>. o o 68.69 ' 55 74 ' 37.88" 13.611 50.26s'

800 68 68 56 21- 39 00- 18.72s- 58.78"
SEM 3 72 2 83 2.14 2 25 3.16

Benniseed t 0 63 37 51 88s 34 14: 16.46s* 47 7 0f

-T
i- o o • 66 92 5681" 38 74" . 2.1.52s 50.13"

800 67 34 57 88" 38 76" 34.54*' 53.71“ ' '

SEM 3 60 3 11 200 3.81 4.45

Main effects

Soybean 68 38 “ 54 mV 37.00 . 14 06' 50 86

Benniseed 66 70 55 54" 37.54* 22.97s* 50.87 

4 ____
Phytase effect (Units/kg)

O ' 6707 53 11" 34 353 13.22* 48 33"

400 67 31 54 27 " 38 06" 17.5 7‘< 49.55"

800 68.34 57.10" . 39 42" 22.7b'- .. 54.48-

Probabilities
Source of variation 9

Protein source effect 0.2119* 0.7593 0.4862 • 0.0296* 0 0774*

Phytase level effect 0.2149 0 0276* 0.5205 0.0639* 0.0180*

Protein source x Phytase level 0 1217 -. . 0  0614 00205* 0.7951 0.0133*

’Data represent means of six dietary treatments of 20 chicks each during the period 14 -  35d post hatching 

7PU. Phytase Uml/kg diet

•"“ Means within columns with no superscripts differ significantly (P 0 05) •
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Table 6: Apparent Total 1 ract D lgestlD iiity Coefficients (%) of Protein arid Am ino acids in Soybean and 
BenniseedJDiets for Bro ile r Chickens Supplemented w ith M icrobial Phytase______________

MAIN EFFECT'

Profen Source SOYBEAN)

0 400 800
Ammo
A o d s

P ro ie m 75 3 5 -1  6 0 3 0  3 6 *  1 2 0 " 8 2  1 1 *0  5 7 '

Is o le u c in e : 2 ? r- . ) 70 * 8 4 5 5 * 1  5 5 '■ 87 2 0 *1  2 5 '

L u e c m e 82  0 0 ? f 15 34  V ,  • 1 4 4 87  09  i  1 2 5 '

P h e n y la m n e 84 17 -1  3 ? n h  M )  * 0  «16: 3 0  0 5  iO  39  •

H is tid in e 8 3  2 2 * 1  20= 8 5  '3 3 i 1 28  ‘ 88  6 9 10 8 0*

T y ro s in e 8 3 .5 5 i1 .1 V 85  5 7 * 1  5 V 8 8  7 2 i1  2 7 ’

A rg in in e 8 2  74 ±1.35- 85  7 6 + 1 .2 8 " 88  18±0 7 5 '

.T h re o n in e 8 2  5 2 ± 0 .5 8 : 84 61 ±0 7 ? 88  2 9± 0  62  '

V a lin e ' 8 2 .2 6 ± 0  83 34 40  + 1 0 5 : 88  24± 0  77*

Q E N N 1S E E D 3
4

P io b a b i l i l ie s P h y ts s s

Protein P h y ta se P ro te in
0 400 ' 800 source level so u rce  >.

effect e fie c l phy ta se
in te ra c t : ; -

7216* 1 44" 79 63 *0 .92 - 82.80- 1.12" 0.2716 0.0134 0 .2 7 16

78 96;: 1 50" 84.22*1.25* 86,54 +:1.36" 0.1045 0.0110 0 .4 9 45

77 77**1.16' 84 4 9 *0 0 8 " 88.95*:0 86* 0.0065 0.0188 0.0021

79 01 i1  3 V' 85 90± 1.32" 87.86.+0.68" 0 0029 0.0210 0 .1 8 97

7955;•2 46= 8600 ±1 53" 87 37 +:1 26" ' 0.4161 0.0112 0 .1 9 6 2

80 05:t1 87" 86.64*2.61" 87.71;+ 1.00" •0.2707 0.0214 0.3030

79.83± 2.35-' 85 07±1.37" 87.71 +1.21* 0.4972 0.0021 ■ 0 .4 2 8 0

79 99*:2.10" 82.05+1.36' 87.58*:0.89" 0.4743 0.0133 0 .4 1 4 0

80 81* 2 43=' 84.82+1.97® 88 16:+ 1,15* 0.5697 0.0220 0 .8 9 34

'Treatment means + standard error 
?PU. Phylnse Unit/kg diet
'Means within row lor each main i.Tlect separately lacking a common superscript teller differ (P < 0 05)
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