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ABSTRACT

The aim of this experiment is to utilize the liquafrrumen cattle from abattoir as feed additive, as
source of phytase enzyme, to increase the qudlibyailer ration based on local feed materials.sThi
experiment was conducted in two stages. First stageto identify enzymes in rumen liquor of cattle.
The second stage was to characterize and stabitizgme which include determination of optimum
temperature and pH of enzyme, examination enzymistamce to heating at optimum temperature,
and studying effect of metal ions and chemical sulzes. The results of the experiment show 1)
optimum precipitation of rumen liquor enzymes frooal cattle is reached at the concentration level
of 60 % of ammonium sulphate, meanwhile from imgdrtattle is obtained at the level of 70 % of
ammonium sulphate; 2) general characteristics gfgae enzyme from rumen liquor of local cattle
differs from that of imported cattle; those frometmumen liquor of local cattle has optimum
temperature at 50 °C, optimum pH at 6, resistamcéndating up to 180 minutes at optimum
temperature, and needs mostly methal ions as &mtj\an the other hand, the enzyme from the rumen
liquor of imported cattle has optimum temperatur8®°C, optimum pH at 6, resistance to heating up
to 180 minutes at optimum temperature; the phy&ssyme needs mostly methal ions as activator,
some compounds inhibiting the enzyme activity ab B and p-mercaptoethanol; and 3) activity of
the phytase enzyme from the rumen liquor of loedtle is higher than that of imported cattle.
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INTRODUCTION environment if there is no good management in
utilization.

The experiment of rumen cattle liquor This experiment was conducted with the
utilization as poultry feed in solid material stillobjective to utilize the cattle rumen liquor from
limited, however, the liquor of rumen cattle isabattoir as feed additive, source of phytase
never utilized as feed additive and fee@&nzyme, to increase the quality of broiler ration
supplement in poultry ration based on local feethased on local feed materials. The experiment
Based on Statistical Data of Animal Husbandrgtudying phytase enzyme from rumen liqguor may
2007, the numbers of slaughtered cattle evehave benefit as feed additive to increase the
year are not less than 1.75 million heads and it mutrient digestibility and the value of low quality
about 1.5 million heads come from local cattléocal feed in increasing the productivity of
with average of 300 kg and the rest is frompoultry.
imported cattle. The weight of rumen content is

about 14.3 percent from body weight (Hungate, MATERIALS AND METHODS
1968), and a cattle can produce 42.9 kg of rumen
content. Thus, the potency of rumen content from Rumen enzyme preparation

slaughtered cattle can reach 75.075 thousand tons

per year. The liquor portion of rumen content Rumen content from local and imported

reaches 31 liters per head (Prietjal., 1977), so cattle were taken from cattle slaughtered from the

that, the potency of rumen liquor reach 52.@&battoir in Bogor. Sampling of rumen content

million litre per year. Huge amount of rumenfrom local and imported cattle was taken in two

liguor will become a potential pollutant for thereplications and each was taken from 3 — 5
cattles.
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Rumen liquor was taken from rumen content Data analysis
by filtration in cold condition. The liquid part of
filtration was centrifuged at 10 000 g {@) for Data obtained were analyzed by descriptive

10 minutes to separate supernatant fro@mnalysis (Steel and Torrie, 1980).
microbial cells (Leeet al., 2002). Supernatant

was then taken as a source of crude enzyme. RESULTS AND DISCUSSION
Enzyme purification using ammonium Enzyme precipitation with ammonium
sulphate sulphate

Supernatant containing enzymes was then Enzyme isolation from cattle rumen liquor
reacted with different levels of ammoniumwas done by salting out method, in which the
sulphate and stirred by magnetic stirrer for 1 howenzyme was precipitated by adding neutral salt in
and kept one night at 4C. The levels of high concentration (ammonium sulphate) a little
ammonium sulphate used were 40, 50, 60, 70 abg a little. Ammonium sulphate was used
80 %. Supernatants were then centrifuged agamecause it dissolved faster than other chemicals,
at 10 000 g (4C) for 15 minutes. The filtrate did not cause toxic and could stabilize the
was taken and added with phosphate buffer pHehzyme (Schwzimmer and Pardee, 1957).
at the ratio of 10 : 1 (100 ml supernatant oEnzyme precipitation by ammonium sulphate
rumen liquor were dissolved with 10 ml ofwas carried out because it has the same polarity
phosphate buffer pH 7). The precipitates (enzynas water. Addition of ammonium sulphate in
source) in phosphate buffer were then kept iprotein solution will attract water molecules

freezer for enzyme assay. around the protein surface, so that, the protein is
not protected by water molecules, consequently
Phytase enzyme assay inter protein molecules are aggregated and

precipated (Scope, 1987). Ammonium sulphate
Determination of phytase enzyme activitysalt will destroy water mantel arround the protein
was measured with Heinones and Lahti (1988nd thus protein could be precipitated

and Greinegt al. (1997) methods. (Schwzimmer and Pardee, 1957). Choosing of
optimum ammonium sulphate concentration was
Enzyme characterization obtained by measuring the highest enzyme

activity.

Phytase was characterized based on Results of the present experiment of phytase
optimum temperature and pH, effect of methadnzyme precipitation by ammonium sulphate
ions and enzyme stabilized based on resistancesttows that, in local cattle rumen liquor, the
heating at optimum temperature. maximum phytase enzyme activity has been

Determination of optimum pH was donereached at 60% ammonium  sulphate
by measuring the enzyme activity in universatoncentration with the value of 1.0561
buffer at pH 4.0, 5.0, 6.0, 7.0, 8.0, and 9.Qumol/ml/minute, but in imported cattle rumen
Determination of optimum temperature wadiquor the maximum activity was reached at 70%
carried out by measuring the enzyme activity aimmonium sulphate concentration with the value
29, 39, 50, 60, 70 and 8C in 0.05 M phosphate of 0.9432 pmol/ml/minute. Before the addition of
buffer pH 7. Examination of stabilizationammonium sulphate, phytase enzyme activity in
enzyme resistance to heating was done by heatilogal cattle rumen liquor was 0.3559
the enzyme at optimum temperature for 0, 30, 6Qmol/ml/minute and imported cattle rumen liquor
90, 120, 150 and 180 minutes before addingas 0.2130 pmol/ml/minute. The increase of
substrate. phytase enzyme activity after the treatment with

The examination of methal ion effect wasammonium sulphate in local cattle rumen liquor
conducted by measuring the enzyme activity aftevas 2.97 times, and in imported cattle rumen
treating with some methal ion at 1 mMliquor was 4.43 times. Figure 1 shows the
concentration of B-mercaptoethanol, EDTA, increase in phytase enzyme activity in rumen
FeCh, MgCl,, ZnChk, MnCl,, CoCh, CuClL and liquor from abattoir after precipitation with
CaCb. The examination was done by incubatingmmonium sulphate. Phytase enzyme activity of
100 pl of enzyme with 100 pl methal ions for 1@ocal cattle rumen liquor was nearly the same as
minutes at room temperature. that of imported cattle rumen liquor, but the
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activity in local cattle tended to have higher waluenzyme and substrate to have contact would be
than that in imported cattle. Phytase enzyme isimcreased. Therefore, enzyme activity increased
phytate digesting enzyme. Phytate is antinutritionp to certain temperature, but decreased if
that present in many feedstuffs, mainly in cereatsptimum temperature has passed over. Thus,
and roughages from leaf of plants. increasing of temperature up to certain border
line would increase enzyme catalytic activity, but
would destroy the enzyme because heating. Each
enzyme has a range of optimum pH, where the
enzyme showed maximum activity and stability.
Lehninger (1995) shows that characteristic of
enzyme pH could be indicated by the pH when
proton receiver and donor on the enzyme
catalytic side were in the required ionization
level. Some enzymes need methal ions (cations)
as activator for its activity and some chemical
substances could decrease enzyme activity. Some
of methal ions and chemical substances were
Figure 1. Effect of Ammonium  Sulphateexamined in the experiment were Fg@lgCl,,

Concentration in Enzyme PrecipitationznCl,, MnCl,, CuCb, CoC}, CaC}h, B-

on Phytase Enzyme Activity from mercaptoethanol and EDTA. Results of enzyme

Local Cattle {~¢—) and Imported characterization are shown in Table 1.
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Cattle (—=—) Rumen Liquor The present results showed that optimum
temperature to reach maximum enzyme activity
Enzyme characterization in local cattle was at 5C and in imported cattle

was at 39°C. Phytase enzyme from local cattle

The aim of enzyme characterization was teumen liquor was more resistance to the change
determine the optimum condition of enzymef temperature than that from imported cattle
activity, so that, the use of enzyme could beumen liquor. Figure 2 shows phytase enzyme
adjusted to the optimum condition. Samples cfctivity in different incubation temperature.
phytase enzyme used for characterization were The result also indicated that the optimum
taken from enzyme that was precipitated withH to obtain maximum enzyme activity in local
60% ammonium sulphate concentration for localattle rumen liquor has been reached at pH 6, and
cattle rumen liquor, and 70% ammoniumin imported rumen liquor at pH 7. Figure 3 shows
sulphate concentration for imported cattle rumethat phytase enzyme activity in different pH.
liquor. Both enzymes were more stabile in range of pH 6

Reaction of enzyme catalytic was affectedip to pH 7.
by temperature. Palmer (1991) indicates that Sariyska et al. (2005) demonstrated that
increasing the temperature would increase energgtimum temperature of phytase enzyme isolated
kinetic of enzyme and would increase thérom Aspergillus niger was 55 — 58°C, and
vibration, translation and rotation movement obptimum pH at 5.05.
enzyme and substrate, so that probability of

Table. 1. Characteristic of phytase enzyme ofecatimen liquor from abbatoir

Variables Local cattle Imported cattle
Optimum temperaturéQ) 50 39
Optimum pH 6 7
Resistance to heating (minutes) 180 180
Cf?tlotns / substances positive (F:e-:, (I;/Ig::,é\fl)n;;, Zn++, Cu++, Fett, Mg+t, Mnt+, Znt+,
etiec orT, Lar, angp- Cu++, Co++ and Ca++

Mercapto-ethanol

Cations / substances negative None EDTA an@-Mercapto-ethanol
effect
Cations / substances little effect None None
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However, Greiner and Farouk (2007) thaf150.78%) was added and followed by Mg++
investigated phytase enzyme isolated frorfl56,24%), Fe++ (155,73%), Zn++ (150.13%),
wastewater bacteria in Malaysia, obtainetin++ (139.69%), Co++ (139.23%), EDTA
optimum temperature at 6& and optimum pH (135.95%), Ca++ (122.50%) and B-
at 4.5. Powar and Jagannathan (1982) showmstkrcaptoethanol (112.27%) respectively. In
that optimum pH of phytase enzyme isolatedontrast, in imported cattle rumen liquor, all
from bacteriaBacillus subtiliswas at pH 7.5. methal ions did not show to decrease or inhibit

Cao et al. (2007) indicated that phytasephytase enzyme activity, bstmercaptoethanol
enzyme was very sensitive to temperature, higind EDTA decreased and inhibited phytase
pressure and heat treatment at £@0for 10 enzyme activity. The highest phytase enzyme
minutes had caused loss of enzyme activity. Moattivity was obtained when ion Zn++ (164.10%)
of phytase enzyme had optimum temperature aias used and followed by ions Cu++ (150.19%),
the range of 45 — 68C and optimum pH at the Ca++ (142.15%), Fe++ (141.61%), Mn
range of 4.5 — 6.0, but phytase enzyme frorf130.59%), Co++ (115.16%), Mg++ (111.34%),
bacteria such aBacillus amylolequefaciens and EDTA (82.86%) and Mercaptoethanol (63.47%).
Bacillus subtilis had optimum temperature at 55 +igure 4 shows the effect of methal ions and
70 °C and optimum pH at 6.5 — 8.0 (Cabal., chemical substances on phytase enzyme activity
2007). Chengt al. (1999) showed that phytaseof catlle rumen liquor from abbatoir.
enzyme from rumen microbeSelenomonas
ruminantium, had active temperature at the rangs
of 20°C — 55°C and pH from 3 — 6 depending on
the buffer used, and the optimum pH were 4.0 - .
5.5 in sodium asetate buffer. On the other hani -
Puhl (2006) demonstrated that phytase enzyn
from Selonomonas ruminantium and its cloning
had optimum pH at the range of 4.5 — 6.0, an

Phytase activity
(umol/m/minute)
N

. . 0.5 1
optimum temperature 55 — 6G. This has shown 0 ‘ ‘ ‘ ‘ ‘
that temperature and pH of phytase enzym 0 20 40 60 80 100
depends on types of microbes. Temperature (oC)

Yankeet al. (1998) had screened the rumer.
bacteria having phytase enzyme activity whicfrigure 2. Effect of Temperature on Phytase

were Provotella ruminicolla, Ruminobacter Enzyme Activity in Local Cattle
amylophylus, Sdlenomonas ruminantium and (—+—) and Imported Cattle—{=—)
Streptococcus bovis. Further examination on the Rumen Liquor

rumen bacteria showed that the bacterium havir
high phytase enzyme activity wegelonomonas

ruminantium, followed byMegasphaera el sdenii. _
Other bacteria had also shown phytase enzyn -
activity, but the phytate enzyme activity could
not be detected. Phytase enzyme activity we
higher in precipitated bacteria than that ir
supernatant of rumen liquor and depended c©
types of feeds. Feeds from high cereal barle
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(90% barley) had higher phytase enzyme activit ° ? ¢ pH ° ° 0
than feed containing lower amount of ceregtigure 3.  Effect of pH on Phytase Enzyme
barley (55% barley). . Activity from Local Cattle {—¢—)

The experimental results in local cattle and Imported Cattle-{m—) Rumen
rumen liquor showed that no methal ions and Liquor

other chemical substan@emercaptoethanol and

EDTA could decrease phytase enzyme activity.
Most of methal ions and chemical substances
examined could be used as activator or were
needed to increase phytase enzyme activity. The
highest phytase enzyme activity in local cattle
rumen liquor was obtained when ion Ca++
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enzyme from rumen microorganisms was
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o

E 160: stimulated by methal ions Ca++, Na++, K++, and
© 140 1 Mg++, but inhibited by methal ions Fe++, Zn++,
< 120 Mn++ and was not affected by ions Co++ and
E 100 - Ni++.
g 28 | Effect of heating on phytase enzyme activity
2 40 - showed that in local cattle rumen liquor, heating
;? 20 1 at 50 °C temperature (optimum incubation
0+ N temperature) for 180 minute did not decrease
<<9’”@@L v\o\’”&\o\rL o‘)O\(LC} @o" &«V o&@\ phytase enzyme activity. Phytase enzyme activity
o ¢ was decreased after heat treatment for 210
&o‘g minutes with the activity was only 58.04%, but it
@“ was 61.87% after heat treatment for 240 minutes.
Cations and chemical substances The enzyme needs heat stimulation to work

_ _ . _effectively. Heating for 30 up to 180 minutes

Figure 4. Effect of Cations and Chemica|,.reased phytase enzyme activity. In imported
Substances on  Phytase  ENzymgmen jiquor, heat treatment at %9 temperature
Activity in Local Cattle @) and (ntimum incubation temperature) for 180
Imported Cattle) Rumen Liquor minutes increased phytase enzyme activity, but

heat treatment for 210 minutes has slightly

180 - decreased the enzyme activity with the value was
160 - 91.32%. The value of enzyme activity after
140 A heating for 240 minutes was 92.92%. Both
120 7 phytase enzymes from local and imported cattle

100 4
80 -
60 -
40 ~
20 A

0 : : : : : ‘ CONCLUSIONS
0 50 100 150 200 250 300
Time of heating (minutes) Optimum precipitation of phytase enzyme
from rumen liquor is obtained at 60% ammonium

_ _ _ sulphate concentration for local cattle and at 70%

Figure 5. Effect of Heating Time on Phytasgmmonium sulphate concentration for imported

Enzyme Activity in Local Cattle oattle.

(—+—) and Imported Cattle{=—) General characteristics of phytate enzyme

Rumen Liquor from the rumen liquor of local cattle differ from

o those from the rumen liquor of imported cattle.
Powar and Jagannathan (1982) indicated thahytase enzyme from local cattle rumen liquor

phytase_ enzyme fror@acillus subtilis needed pag optimum temperature at 80, optimum pH
methal ion Ca++, and it was the same as phytage 6 resistance to heat treatment up to 180
enzyme in cattle rumen liquor from abbatoir inminutes, needs most of methal ions as activator,
this experiment; however, the enzyme activithyt no chemical substances, such as EDTA and
was inhibited by Ba++, Sr++, Hg++, Cd++, ang-mercaptoethanol, inhibit enzyme activity. On
borate. Sarysket al. (2005) showed that phytasethe other hand, phytase enzyme from imported
enzyme fromAspergillus niger needed ions Ca++ cattle rumen liquor has optimum temperature at
and B++; the enzyme also had interestingg °oc optimum pH at 7, resistance to heat
phenomena because it needs ions Pb++ afgdatment up to 180 minutes, needs most of
Ag++ 100, but the activity was inhibited by theémethal jons as activator; however, chemical
presence of methal ions Hg++, Cu++, Znt++gypstances, such as EDTA and B-
Fe++ and Al++. Greiner and Farouk (2007hercaptoethanol, inhibit phytase enzyme activity.
reported the same finding that, phytase enzym&e activity of the phytase enzyme from rumen

activity was inhibited significantly by methalnquor of local cattle is higher than that of
ions Zn++, Fe++, Fe+++, Mo++ and phosphatqmported cattle.

Cheng et al. (1999) indicated that phytase

rumen liquor were resistance to heat treatment.
Figure 5 shows the effect of heating on phytase
enzyme activity from cattle rumen liquor.

Phytase activity (percent)
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