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Abstract — Five total mixed rations prepared from finger milleteusine Coracanagtraw as a
roughage (48%) and mixed concentrate (52%), supplemented with a 1% isoacid mixtyre (i-C
i-Cg, C;and phenylacetic acid in equal proportions) or oil (groundnut oil, 5% more than the control)
or urea (5% more nitrogen than the control), and protein (groundnut cake, 5% more nitrogen than the
control) were given in a Latin square experiment to sheep. Enzymatic activities were estimated for
urease, cellulase, protease, amylase, and lipase in various fractions of rumen fluid on the one hand and
rumen microbial biomass on the other hand. Rumen samples were taken 3—4 hours after feeding
and mixed rumen bacteria were separated as a strained rumen fluid without protozoa (SRFWP), cell
free rumen fluid (CFRF) and enzymes associated with the bacteria cell (EABC). Samples of SRFWP
and EABC contained higher enzyme activities than CFRF. Depending on the type of enzymes in
each fraction, some significant coefficient of determinatidh Was seen. These values showed

very close cooperative action between proteolytic and amylolytic enzymes under the experimental con-
ditions, or perhaps the presence of some species of bacteria with both activities. Lipolytic bacteria are
completely specialized for lipase production oritly<0.05). The results showed oil, isoacid and
crude protein enhanced microbial productiBr(0.05) and this can change the pattern of enzymes

in the rumen of sheep.
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1. INTRODUCTION with microbial growth, which also needs
NH,; as a component for protein synthesis.

The ruminal microbes include a largeLipids can also be used to manipulate the
variety of bacterial, protozoal and fungaldigestion and absorption of different nutri-
species making the rumen habitat very corrents [32, 34, 35]. The different enzyme
plex. Numerous interactions have beeractivities that occur between types and
observed between these largest groups species of organisms result in a distinct syn-
microorganisms that exist in the rumen [17]ergism and crossed feeding. In the end, this
These microbes, through their enzymes [50could be beneficial to the animal host
play roles in digestive processes. Completthrough increases in digestibility and diet
digestion of complex feeds such as hay cutilization [17].
grain literally requires hundreds of enzymes  Feeq nutritive value is essentially a func-
[42]. In microbial terms, the enzyme activ-tion, of the availability of energy and needed
ity is not particularly high; it is the high ntrients. Rumen microorganisms have a
microbial biomass and long residence time,ptential for the utilization of nutrients
of feed material in the digesta that causeirough their activities and beside these
the high extent of breakdown of suscepti-aijvities, they also produce metabolites that
ble material [46]. Considerable progress hag e efficiently used by ruminants. Animal
been made towards the development Cragponse to a feed is, therefore, dependent
quant|tat|ve_r_elat|0nsh|_ps among the cher_nupon a complex interaction of the compo-
ical composition of ruminant feeds, dynamicsition of the diet, its preparation and conse-
aspects of digestion in the rumen, productyyent nutritive value. On the contrary,
of digestion absorbed by the ruminant, anCgietary factors influence the rumen ecosys-
most important, how these can be maniplem, which may have positive or negative

lated to improve animal productivity. The effects on microbial activity and conse-
establishment and maintenance of a stabqyently on animal production.

population is dependent on the diet, leve
of feeding, frequency of feeding and micro-
bial interactions [19]. Even within a single
microbial species, the types and activities

of enzymes produced can vary widely, . . ; -
depen()j/ing orﬁ) the strain selecteyd and {hrole of these materials on microbial activity.

growth substrate and culture conditione>Nce No attempt has been.made in the past
employed [14, 23]. to characterize the correlation between the

) . _enzymes in rumen fluid, one of the objec-
It has been recognized for some time thégjyes of this experiment was to tentatively
urea may be used to replace a portion of theparacterize the major types of rumen fluid

protein in the rations of ruminant animalSgzymes and determine the correlation
[54]. The branched-chain fatty acidspgtwveen them.

(isoacid) isobutyric (i-¢), 2-methylbutyric

(2 Me-C,) and isovaleric (i-§) and the

straight—chain valeric acid (n:zCare natu- 2 MATERIALS AND METHODS

rally produced in the digestive tract of the

ruminant [2] and rumen microorganisms 2.1. Materials

can convert isoacids to amino acids. Stac

et al. [61] indicated that the cellulolytic  2.1.1. Animals

rumen bacteriumiR. albus has a require-

ment for phenylacetic acid. Use of pheny- Five male sheep (native breed) between
lacetic acid as a branched-chain fatty acithe ages of about 18 to 24 months having
has been reported by Hefner et al. [28]. Thbody weights of 23 to 26 kg (24 + 2.1) were
use of isoacid [10, 20, 43, 60] is couplecselected for the experiment.

The objectives of the present experiment
were to study the effects of isoacid, oil, urea
and protein on the enzyme pattern in frac-
tionated rumen fluid and to investigate the
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2.1.2. Fodder in equal proportions) or oil (groundnut oil,
5% more ether extract than the control diet),
2.1.2.1. Straw urea diet (5% more nitrogen from urea, than

the control diet) and protein diet (5% more

(Eliug'r?:gigocg?]agltjr?lty f;r;g;:omllgec;[ nitrogen from the groundnut cake than the
usi W w PP ontrol diet) were given to the respective

with the help of a handchopper into a size 0fima|s helonging to each diet, under a rota-
about five to six centimeters long. Strawiional form.

formed 48% of the rations.

2.1.2.2. Feed 2.2. Methods

The ingredients used in the preparation 2 2.1. Management of feeding
of the total mixed ration (TMR) are shown in  and duration
Table I. The experimental diets comprising
a control diet, control diet plus 1% mixed The amount of feed offered to each
isoacids (i-G, i-C5, Ggand phenylacetic acid sheep during the adaptation period was

Table I. Composition of the experimental diets (%).

Ingredient Control Isoacid Qil Urea Protein
Finger millet straw 48.00 48.00 48.00 48.00 48.00
Maize 20.80 20.80 15.60 20.80 13.52
Groundnut Cake 5.20 5.20 6.24 5.20 24.44
Rice bran 13.52 13.52 11.44 13.52 3.64
Soybean meal 7.28 7.28 8.32 5.20 5.20
Qil (Ground Nut) - - 5.20 - -
Urea - - - 2.057 -
Isoacid" - 1.04 - - -
Vitamin + Mineral supplement 1.04 1.04 1.04 1.04 1.04
Calcite 1.04 1.04 1.04 1.04 1.04
Salt 1.04 - 1.04 1.04 1.04
Dicalcium phosphate 2.08 2.08 2.08 2.08 2.08
Composition (DM basis)

DM (%) 84.53 84.53 85.05 84.76 84.38
ME (Mcalkg-1)2 2.793 2.793 2.958 2.720 2.756
TDN (%)? 69.87 69.87 75.24 67.96 68.73
CP (%) 12.25 12.25 12.36 17.68 17.11
DIP(%) 8.89 8.89 9.02 14.82 13.08
UIP (%) 3.37 3.37 3.33 3.05 4.04
EE (%) 2.34 2.34 7.58 2.31 1.55
NFE (%) 54.29 54.29 49.47 53.34 50.02
Ash (%) 12.28 12.28 12.07 12.11 12.18
CF (%) 20.35 20.35 19.73 20.10 20.35
ADF (%) 26.23 26.33 25.42 25.91 26.23
Cellulose (%) 20.15 20.15 19.82 19.84 21.01
Ca (%} 1.13 1.13 1.13 1.12 1.13
P (%} 0.92 0.92 0.87 0.90 0.77

* |soacids included I-C4, I-C5, C5 and phenylacetic acid in equal proportions.
a From the table of nutrient requirements of sheep [47].
Only data related to finger millet straw was taken from Ranjhan [53].
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calculated according to the animal’s liveof the original volume in buffer solution and
weight by means of defined formula, to givethe cells were broken by five 60-s periods of
a near maintenance level. In this mannesonication with 60-s intervals under an ice
during the adaptation period each sheep coirath. Sonically-disrupted cells were cen-
sumed 520 g air dry TMR (total mixed trifuged at 4000@ for 10 min. The clear
ration) per day. In successive periods, theupernatant was kept at —196 °C for future
amount of feed offered was increased tstudies on enzymes and named as the
625 g for sheep. The diets were fed twicenzyme associated with bacteria cell
daily at 06.00 and 15.00 hours. Clean watefEABC).

was offered ad libitum after feeding for . )

> hour and water was removed to avoid any 2.2.2.2. Sampling of urine

dilution of the rumen content before sam- | the last five days from each period,

pling. the urine of each sheep was collected in

The duration of each period was 15 day@ polythene bag twice daily at 06.30 and
(10 days adaptation to each diet and 5 daykb.30 hours. The urine was measured by
for the sampling period) and after this timevolume and 10% of that was taken and
the ration of each sheep was replaced withlaced in a separate bottle for each animal
another ration during another period, thugnd was stored at 4 °C until future (maxi-
rotating to the end of the 5 periods. Eachnum 24 hours) analysis.

sheep consumed 5 rations in 5 periods. )
2.2.3. Chemical analyses

2.2.2. Sampling 2.2.3.1. Purine estimation

2.2.2.1. Sampling of rumen contents Purine in yeast RNA was used as a stan-
dard. The procedure combines standard lit-

In the fifteenth day of each period, rumererature methods for hydrolysis of
samples from each animal were removeducleotides by perchloric acid followed by
via a stomach tube with the help of a vacprecipitation of free purines with silver
uum pump, 3 to 4 h after the morning feednitrate to separate the purines from inter-
ing. Samples (150 mL) were kept in an ic&ering compounds. Acid resolubilized
bath and after collection, they were transpurines in urine were quantified spec-
ferred to the laboratory immediately. Rumertrophotometrically at 260 nm as a yeast
fluid was strained through four layers ofRNA equivalent, according to the proce-
cotton gauze and centrifuged once at 1§00dure of Zinn and Owens [67].
for 10 min. The supernatant fluid was care- The amount of microbial purines
fully decanted and divided into two parts.;psorbed (glay™)) corresponding to the
One part was stored at —196 °C in Iiqmiurine derivatives excreted-@@y 1) was
nitrogen for future analysis [45] and namecqcyjated based on the ratio of purines to N
as the strained rumen fluid without proto-of jso|ated bacteria [67], and the microbial
zoa (SRFWP), another part (25 mL) wasyass, which was digested and released with
then centrifuged again (260@0 15 min)  the purines, can be obtained with the for-
and the supernatant fluid was carefullyya:
decanted and stored at —196 °C as a sample,, _
without any microbes, and named as the ceIIeY_ [X~(0.0002E x 0.12)]x 0.148¢*
free rumen fluid (CFRF). The pellet waswhere,Y is the microbial biomass ay™),
resuspended in buffer solution [44] andX is the purine (yeast RNA equivalent)
this suspension was centrifuged (26 @00 g-dayland 0.1489 is the coefficient for con-
10 min). After decanting of the supernatantersion of the purine (yeast RNA equiva-
fluid, the pellet was resuspended to one fifthent) to microbial mass. This model corrects
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for the contribution of endogenous purinewas incubated for 1 h at 39 °C. After this
by the component within the parenthesesime 3 mL dinitrocalycylic acid (DNS)
which is influenced by energy intak€)(@as reagent (10 g DNS in 1000 mL NaOH solu-
a kJday1[25]. tion) was added to the tube and kept in a
boiling water bath for 10 min. Thena 1 mL
2.2.4. Determination of rumen enzymes Rochelle salt solution (40 g Rochelle salt in
) distilled water to make the volume 100 mL)
2.2.4.1. Urease (urea amidohydrolase; was added to the tube and then cooled under
EC 3.5.1.5) running tap water. Finally, the solution was

The assay procedure of urease activit;iﬂnade up to a volume of 20 mL with dis-

: illed water and the absorbance was recorded
was done according to the method of Patha .
et al. [50]. The enzyme activity was deter- A) at 575 nm against the blank. The blank

mined by measuring the amount of ammoYvas 1 mL distilled water instead of the sam-
le. A calibration curve (plottingA” against

nia produced during the incubation of theP tandard al rati d
enzyme sample with urea. In this regard@ Standard glucose concentration) was use

0.25 mL sample, 0.25 mL urea solution_to determine the amount of glucose released

(15 mg urea and 8 mg EDTA in 25 mL in each tube. Enzyme activity was expressed
phosphate buffer) and 0.5 mL phosphat sug reducing sugars (glucose) released per

buffer were mixed in a tube and incubated® P€" mL sample.
for 15 min at 37 °C. A urea solution and 2943 Protease
distilled water were used as a control and “= "

blank, respectively. After incubation, 5 mL The assay procedure was based on the
phenol solution (1 g phenol and 5 mgBjackburn [6] method. A unit of proteolytic
sodium nitroprUSide in 100 mL distilled activity was defined as the amount of
water) and 5 mL NaOH solution (0.5 g enzyme that would solubilize the equiva-
NaOH and 0.84 mL sodium hypOChlorite inient of 10Mg tyrosine in 1 min.

100 mL distilled water) was added to the

tube and mixed vigorously. The tube was 2.2.4.4. Amylase (14D-glucanohy-
incubated for 15 min at 37 °C for color  drolase, EC 3.2.1.1)

development. Finally the absorbanéé &t o )

635 nm was recorded against the blank. A Thea—amylase activity was determined
calibration curve (plottingA” against stan- Dby measuring the rate of release of reduc-
dard ammonia nitrogen concentration) wa$ng sugars during the incubation of the
used to determine the amount of ammonignzyme with starch. In this regard, 0.25 mL
nitrogen released in each tube. The enzymgample, 0.25 mL starch solution (1 g starch
activity was defined asg ammonia nitrogen in 100 mL distilled Water) and 0.5 mL phOS'

released per min per mL sample. phate buffer, were mixed in a tube and incu-
bated for 15 min at 39 °C. After this time,
2.2.4.2. Cellulase for color development, a DNS solution was

used as described earlier in the Fpase
$method. Other steps were also the same as
when recording glucose concentration in
YEpase. Enzyme activity was expressed as
g reducing sugars (glucose) released per
in per mL sample.

total cellulase activity. The activity of the
enzyme was determined colorimetericall
by measuring the amount of reducing sug
released during the incubation of the enzym
sample with filter paper (Whatman No. 1)
[50]. In this regard, 1 mL sample, 1 mL i

phosphate buffer, and 1 mL distilled water 2.2.4.5. Lipase

were mixed in a tube, which contained Lipase activity was determined by
50 mg strip Whatman filter paper No. 1 anctitration of the fatty acids produced by
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hydrolysis according to the method of 3. RESULTS

Cherry and Crandall, which is explained by o o
Oser [49]. Enzyme samples were incubated 3.1. Estimation of enzyme activity
with an olive oil emulsion and fatty acids .

produced were titrated with sodium hydrox-  3-1.1. SREWP fraction
ide 0.05 N. Units of lipase activity per mL of .
NaOH for titration of the fatty acids pro- €nZyme activity in SRFWP is presented in

duced by hydrolysis. Table II.
All treatments as compared with the
2.2.5. Statistical analysis control, increased urease activity (Tab. I,

P < 0.05). There was no significant differ-

This experiment was designed as a Latif"ce between isoacid, oil and protein treat-

square with five treatments on five periodsMents £ > 0.05). These treatments had 45%,

All measurements were performed in at leat /70 @nd 69% more urease activity than the
duplicate. All data from each factor wereCONtrol, respectivelyR < 0.05).

analyzed with the GLM procedure of SAS A greater cellulase activity was found
[55]. If a significant P < 0.05) main effect after the isoacid treatmen® € 0.05). A
was detected, the main effect means werg9% higher cellulase activity than the con-
separated by a Duncan test [55]. A correlatrol showed that the isoacid is a complex
tion among enzymes was determined andomponent, which can encourage cellu-
correlation coefficients were tested using dolytic bacteria. Other treatments did not
t-test [55]. give any significant difference as compared

Table II. Influence of different treatments on enzyme activities in SREWP

Enzyme activity

Treatment Urease Cellulase Protease Amylase Lipase
Control 6.0f 738.8 0.20% 172.2 1.076
(3.45) (81.93) (0.078) (45.9) (0.309)
Isoacid 8.7% 881.3° 0.188 161.8* 1.168
(0.98) (23.32) (0.038) (13.6) (0.159)
Qil 10.02 764.48 0.152 156.54 0.9888
(2.36) (24.91) (0.050) (25.1) (0.140)
Urea 12.627 705.3 0.161 181.8* 1.13%
(2.73) (184.80) (0.041) (37.1) (0.308)
Protein 10.18 704.8 0.162 90.88 0.816%
(2.90) (186.13) (0.029) (17.0) (0.216)
SE 0.37 14.23 0.007 4.67 0.29

Units of enzyme activity are: ureageg(ammonia Nmin-tmL-2), cellulase g gluch-1mL-1), protease
(Unit-mL™Y, amylase (g glucmin-tmL™1), lipase (UnitmL™1).

aStrained rumen fluid without protozoa.

bMeans (standard deviation).

SE: Standard Error.

Means with the same letter in each column are not significantly diffé?en0(05).
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with the control diet. Also no difference wasin Table Ill. Protein and urea treatments,
detected statistically between treatments fowhich have 5% more nitrogen, than the
protease activities (Tab. I, > 0.05). control showed 2.36 and 2.03 times more

urease activity than the control, respectively

A significant difference was observed . . -
between urea and protein diets for amy_(P < 0.05). Oil treatment and the isoacid

lolytic activity (P < 0.05). This result diet showed no significant activiti? & 0.05)

showed that the nitrogen concentration irg Eiﬁor?npf;::?otfn}gef Sfen;rgl' Srgt%?;rﬁfsile-
the diet did not effect amylolytic activity, ty P

because both the urea and protein diet h er%:ntlal, which encourages ureolytic bac-
the same nitrogen content. :
Generally, cellulase activity in CFRF is

The lowest value of lipolytic activity g, 3094 of the activity in SRFWP. Exce
. . Except
belonged to the protein treatmeR0.05) ¢ tha control, other treatments had more

and other treatments did not show any Sig(')r less the same cellulase activities. An

nificant difference B > 0.05). Nitrogen in 5,4 i treatment as an important factor for
the form of the protein diet, showed a neg;

) ; - the incitement of cellulolytic bacteria
?gg’iggﬁgtl)(a 24% lower lipase activity thangy, e 38 206 more activity compared with

the control. When protein and urea were

) used as a source of N, about 50% more
3.1.2. CFRF fraction activity resulted. Addition of protein or urea
stimulated the cellulolytic activity. This

The effects of different treatments oncould mean that the control diet was short
enzyme activity in a CFRF are presentedn N (12% in CP content vs. 17% in N

Table lIl. Influence of different treatments on enzyme activities in GFRF

Enzyme activity

Treatment Urease Cellulase Protease Amylase Lipase
Control 7.0% 162.2 0.09¢ 60.03 0.339B
(3.49) (33.70) (0.027) (10.96) (0.080)
Isoacid 9.08 224.% 0.08% 63.11 0.14P
(1.33) (21.54) (0.014) (7.12) (0.043)
Qil 9.43 223.3 0.07£ 36.64 0.368"
(3.47) (64.54) (0.015) (1.07) (0.089)
Urea 14.2% 244.3 0.077 61.07 0.21¢P¢
(6.86) (71.84) (0.015) (10.89) (0.044)
Protein 16.60 249.4 0.164 4428 0.266C
(5.44) (59.83) (0.043) (24.89) (0.247)
SE 0.45 6.29 0.003 1.97 0.014

Units of enzyme activity are: ureageg(ammonia Nmin-tmL-1), cellulase g gluch-2mL-1), protease
(Unit.mL™Y), amylase g glucmin-LmL-1), lipase (UnimLY).

aCell free rumen fluid.

b Means (standard deviation).

SE: Standard Error.

Means with the same letter in each column are not significantly diffé?en@(05).
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supplemented diets). Fatty acids or othethe lowest and highest value® € 0.05).
components, which derived from the oil diet,The effect of nitrogen on ureolytic activity
could also be a factor for heartening of celwas clear, just as protein and urea treatments
lulolytic bacteria. There was a significanthad 55% P < 0.05) and 25% more activity
difference P < 0.05) between oil treatment rather than the control, respectively.

and the control. It was shown that the highest cellulase
The protein diet showed the highest valuactivity belonged to the protein diet and
of proteolytic activity as compared with the lowest value was related to the urea
other treatment$(< 0.05). The groundnut treatment. The differences between the low-
cake had 5% more nitrogen than the conest and highest values were significant
trol therefore explaining its 82.3% higher(P < 0.05), and showed that nitrogen alone
proteolytic activity than the controP(> was not enough for the incitement of the
0.05). Nitrogen in the form of urea did notcellulolytic activity in bacteria and that this
affect proteolytic activity. Also an effect of type of bacteria needs N in the form of a
growth promotion of the isoacid on cellu-protein supply. Isoacid, oil and protein
lolytic bacteria was not seen in the protetreatments showed respectively 39%,
olytic bacteria, because between the isoacid3.3% and 75% more activity than the con-
diet and the control, there was no signifi-trol (P < 0.05). Generally proteolytic activ-
cant differenceR > 0.05). ity in EABC was 2.3 times more than this
In Table Ill, the highest amylolytic activ- 2CtVity in CFRF (Tabs. 11l and 1V). The
ity is for isoacid and the lowest value is fordifference between the highest and lowest
the oil treatment. The oil treatment caused(@U€s Within the treatments was 20.5%, but

about a 40% depression in amylolytic bac!NiS @mount was not significarf ¢ 0.05).
teria P < 0.05). Crude protein in the form of  Nitrogen treatment in the form of pro-
the groundnut cake, also reduced amylasein showed superiority for the isoacid diet,
activity as much as 26.3% compared witifor amylolytic activity P < 0.05), but urea
the control P < 0.05), but nitrogen in the did not show the same result.

form of urea did not change amylolytic activ-

ity compared with the controP(> 0.05).

Lipolytic activity in CFRF is reflected
by soluble lipase in the rumen liquor, since
lipase is accompanied with the cell, the
lipolytic activity in CFRF is 75% lower than
SRFWP. Even so, oil treatment showed th
highest value and the isoacid treatmenf iy elated to these data are also shown in
showed the lowest value for lipolytic activ- Tables V. VI and VII
ity (P < 0.05). These results showed that the ' '
isoacid could not act as a growth promoter With the exception of the correlation
for lipolytic bacteria P < 0.05). Nitrogen coefficient between protease with amylase
in both forms (urea or protein) reducedand lipase, no significant correlation was

3.2. Correlation between enzyme
activities

All data from the five treatments were
ooled for each fraction and correlation
§oefficients with levels of significant prob-

lipase activity P < 0.05). observed throughout the SRFWP fraction
(Tab. V,P > 0.05). However, between amy-
3.1.3. EABC fraction lase and cellulase activities a moderate cor-

relation was observed, but weak probability

The protein treatment had the highesf.P - 0.'07) cannot explain the close rela-
value of ureolytic activity and the lowest iONShip between the two enzymes.
value belonged to the isoacid treatment. A In the CFRF fraction, six negative cor-
significant difference was shown betweerrelation coefficients were found (Tab. VI).
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Among them, only the correlation coeffi- and lipase R < 0.05) and urease and pro-
cient for amylase and urease was signifitease P < 0.01). In this fraction other cor-
cant P < 0.05) and the others were nonrelations were weak and non-significant.
significant P > 0.05). A positive significant The correlation coefficients between
correlation was observed between amylaskpase and other enzymes were not significant

Table IV. Influence of different treatments on enzyme activities in EABC

Enzyme activity

Treatment Urease Cellulase Protease Amylase Lipase
Control 9.28C 405.F 0.220 208.7'8 1.228
(2.149) (44.19) (0.046) (97.0) (0.803)
Isoacid 5.08 562.7 0.204 102.# 1.350%
(1.744) (74.19) (0.092) (48.8) (0.689)
Qil 10.66°B 621.1 0.233 194. 78 1.963
(4.719) (145.38) (0.067) (127.2) (0.782)
Urea 11.568 368.% 0.216 244 1B 1.680%
(5.109) (82.84) (0.051) (115.7) (0.526)
Protein 14.30 706.2 0.248 290.1° 1.581A
(2.350) (96.95) (0.082) (19.0) (0.561)
SE 0.60 21.13 0.007 19.62 0.11

Units of enzyme activity are: ureageg(ammonia Nmin-tmL-Y), cellulase ¢g gluch-2mL-1), protease
(UnitmL™), amylase g gluc.mirrLmL™), lipase (Unit.mLD).

aEnzyme associated with bacteria cell.

b Means (standard deviation).

SE: Standard Error.

Means with the same letter in each column are not significantly diffé?entQ.05).

Table V. Correlation coefficients between enzyme activities in data from the SRFWP fraction.

Enzyme Urease Cellulase Protease Amylase Lipase
Urease 1.00060 0.10619 0.09959 0.12395 0.15172
(0.000%)  (0.6469) (0.6676) (0.5925) (0.5115)
Cellulase 1.00000 0.31096 0.40259 0.29104
(0.0000) (0.1700) (0.0704) (0.2006)
Protease 1.00000 0.61055 0.51696
(0.0000) (0.0033) (0.0164)
Amylase 1.00000 0.33358
(0.0000) (0.1395)
Lipase 1.00000
(0.0000)

aCoefficient of correlation.
b Level of probability.
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Table VI. Correlation coefficients between enzyme activities in data from the CFRF fraction.

Enzyme activity

Enzyme Urease Cellulase Protease Amylase Lipase
Urease 1.00060 0.09949 0.55138 -0.43168 -0.37703
(0.0000)  (0.6679) (0.0096)  (0.0507)  (0.0920)
Cellulase 1.00000 0.15191 -0.01560 —-0.11853
(0.0000) (0.5110)  (0.9465)  (0.6088)
Protease 1.00000 -0.06453 —-0.32368
(0.0000) (0.7811) (0.1523)
Amylase 1.00000 0.47258
(0.0000) (0.0305)
Lipase 1.00000
(0.0000)

aCoefficient of correlation.
b |evel of probability.

(P>0.05) in the EABC fraction, but there j, the SRFWP fraction, the calculated for
was a moderate to strong positive signifiy, otease with amylase and lipase are 0.373
cant correlation among the other enzymegq 0.267, respectively. These amounts sig-
(Tab. VII,P<0.01). nify that 37.3% and 26.7% of the total vari-
In the three fractions of the rumen fluid, ation in protease activity can be explained by
it was best to use the coefficient of deterthe relationship between protease activity
mination ¢2) to explain the degree of asso-with the amount of amylase and lipase
ciation between two variables. In this regardactivities, respectively. In this manner,

Table VII. Correlation coefficients between enzyme activities in data from the EABC fraction.

Enzyme Urease Cellulase Protease Amylase Lipase
Urease 1.00060 0.52633 0.78104 0.76398 -0.14197

(0.000))  (0.0142) (0.0001)  (0.0001) (0.5393)
Cellulase 1.00000 0.66993 0.64462 0.02990
(0.0000) (0.0009)  (0.0016) (0.8976)
Protease 1.00000 0.72454 0.09343
(0.0000) (0.0002) (0.6871)
Amylase 1.00000 0.13575
(0.0000) (0.5574)
Lipase 1.00000
(0.0000)

aCoefficient of correlation.
b Level of probability.
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coefficients of determination for urease withmicrobial production per Mcal intake than
amylase and protease in the CFRF fractiothe control diet. This amount was signifi-
are 0.304 and 0.186, respectively. cant P < 0.05).

With respect to the significant correla-
tion coefficient between enzyme activities in
the EABC fraction (except lipase with other 4. DISCUSSION
enzymes), this possibly explains the signif-
icant overlapping function among enzymes.
In this regard, the highest overlapping func- .
tion was detectable for protease and urease Considering the nature of the urease

o hzyme that is produced in bacterial cells
éi}hﬁ;sg (;r;tgeulr(;\;vse:t(\zlsll;\;)\)/vas related tand its extracellular action, no clear differ-

ence was found among SRFWP, CFRF and
EABC fractions (Tabs. Il, lll and IV). The
3.3. Estimation of microbial growth highest value of ureolytic activity in urea
treatment in SRFWP and CFRF showed that
Data related to microbial biomass arethe addition of urea could stimulate urease

presented in Table VIII. Five percent higheractivity, because urea is a substrate for the
nitrogen than the control produced morgunction of ureolytic bacteria. These results
than 45% microbial mass as compared tggree with Caffrey et al. [13], who found
the control. Twenty-five percent microbial that ureolytic activity was greater with a
mass more than the control showed the bedfea diet. In the oil and isoacid treatments
result for the isoacid component, whereay/e could see an intermediate position
crude protein in the isoacid diet was thdetween the urea treatment and the control
same as the control. The oil diet producedn all fractions. Isoacid, as a factor for the
20% more microbial mass than the controBrowth of bacteria and derivative compo-
diet (P < 0.05). Microbial mass production Nents from hydrolyzing of oil, also caused
per Mcal of metabolizable energy (ME)encouragement of activity in bacterla._ The
showed although oil has 12% more produc_net result_of these activities _re_sulped in an
tion than the control, but this amount wagncrease in the ureolytic activity in these
not significant P > 0.05). In this regard, treatments compared with the control.
protein and urea treatments have protected The use of isoacids [10, 20, 43, 60] and
their superiority rather than others. Theitlipids [22, 33] is coupled with microbial
production showed a more than 45%growth, which also needs Nids a compo-
increase, compared with the control. Thenent for protein synthesis. The use of b
isoacid treatment also showed 25% morenicrobial synthesis caused the ammonia

4.1. Enzyme activity

Table VIII. Estimation of microbial biomass in different types of treatments.

Treatment Microbial biomass-ftay™1) Y e
[0-ME~1 (Mcal)]
Control 42.98% 29.134C
Isoacid 53.988 36.5848
Qil 51.5738 32.8008¢C
Urea 61.739 42,8477
Protein 63.956 44,0031

aY e = (microbial biomassy [Metabolizable energy consumed (Mcah)]
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concentration in the rumen to decrease. Oactivity. This data is in agreement with
the contrary, ammonia, the product of ureasBaldwin and Allison [4], who mentioned
activity, has been reported to inhibit ureasé¢hat this type of protein could be an enhancer
activity of some anaerobic bacteria [24, 36Jor cellulase activity. In this regard, Leather-
and there is evidence that another enzymeyood [39] favored the view that the non-
glutamine synthetase, can regulate the prdyydrolytic protein acts as an affinity factor
duction of urease ielenomonas rumi- by aiding the binding of cellulase to cellu-
nantium [59] because this enzyme islose.

involved in NH, uptake for bacterial pro- _ )
tein synthesis. The activities of both these Bacteria have been reported to be pri-

enzymes could be increased many—foldnar“y responsible for the degradation of
when ammonia is limiting. plant protein, and protozoa were thought to

_ only have a minor role in this metabolic
Leatherwood [39] reported that bacterialactivity [48]. In this regard, Wallace and

cellulases are more endocellulolytic thancotta [66] reported that the role of proto-
exocellulolytic. Forsberg et al. [21] demon-zoga in ruminal protein degradation is mostly
strated that the cellulaseBf Succinogenes re|ated to the degradation of feed particles
is bound to the outer membrane. This sugand bacterial proteins, but their overall effect
gests thaB. Succinogenesust come into on protein degradation is still controversial.
physical contact with its substrate in order t\ost of the protease is cell bound [48, 52];
hydrolyze it. For these reasons, in EABConly a small portion is extracellular [1]. In
the extracted enzymes from bacteria wergnjs regard, protease activities in SRFWP
more active compared to CFRF. Howevergnd EABC are higher than in CFRF. Two
Forsberg et al. [21] observed significantractions of SRFWP and EABC have the
quantities of cellulase in culture fluid after sagme activity, which is in agreement with
centrifugation to remove intact cells. Resultshe results of Cotta and Hespell [16]. They
in CFRF were in agreement with their find-reported that both the cell-associated and
Ings. culture fluid activities have similar proper-

Isoacid is an extraordinary factor for cel-ties with respect to temperature stability and
lulolytic bacteria in relation to growth optimal pH. No statistical difference was
encouragement and cellulase productior8€€n in protease activity in all the diets in
Data for this aspect of the isoacid effecSRFWP. Blackburn and Hobson [7] also
which is in agreement with Bryant [11], "eported that the proteolytic activity of
Dehority and Scott [18]; Gorosito et al. [26], Whole rumen fluid of sheep did not depend

Brondani et al. [10] are shown in Tables [1,0n the diet of the animals. Present data
I and IV. showed that increasing protein could be an

i , enhancing factor for more production of
CFRF and EABC fractions for oil treat- rgtease, which has shown its effect in the
ment showed more cellulolytic activity than cERFE fraction. Pollock51] showed that
the control P < 0.05). Recent work [22] has thjs protease may be truly extracellular and
shown that glycerol and galactose arisings|ackburn [6] reported that extracellular
from lipid hydrolysis are fermentable. These, gtease released to the medium is 20%,

products could be motivating factors forypije Agrawal et al. [1] showed that this
growth and enzyme production of bacteriagmount is 10-15%.

As found in oil, protein treatment showed

higher cellulolytic activity in CFRF and  In SRFWP, the protein diet showed

EABC fractions than in the control. Protein,half the amylolytic activity of the urea treat-

peptide and amino acids derived from solument and this difference was significant
bility and hydrolyzing of groundnut cake (P < 0.05). The reasons for this were not
enhanced cellulolyic bacteria favoring higherclear though in the latter case, the protein
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was less water-soluble than the urea sourcehe observation of Demeyer in the paper
fed for providing available nitrogen. How- of Latham et al. [38] showed that the inclu-
ever, Slyter et al. [57] reported that ureasion of sugar in the diet of a sheep or of glu-
fed steers contained a greater concentratiazose in the in vitro incubation of rumen fluid
of amylolytic bacteria. reduces lipolysis.

Values in CFRF are a reflection of extra-
cellular enzymes. With the exception of ure- 4 5 correlation coefficients between
ase, other enzymes are mostly cell bound; enzymes
therefore the net result of this sequence gave
lower activity in the CFRF fraction. More
than 50% of amylolytic activity is cell bound
in S. boviswhen starch is the substrate [15]

In SRFWP and EABC fractions, the cor-
relation between protease and amylase was
'significant and positive. A large portion

with the help of ultra sonication, the intra- p T
cellular enzymes are released into the buf'fe‘.g’o_35 %) of protease activity in the rumen
S due to bacterial action [1]. Most of the

For this reason, in EABC we can see thd : -
highest value for amylolytic activity in a proteolytic bacteria in the rumen are starch

protein diet, which cannot be seen in Othefeggidin%gactegge.@utmlilnobact_er arlny-
fractions. In this manner some proteolytic:oPNilus[30], andPrevotella ruminicola,
bacteria such a®8. amylophilusand [8, 65]. Depending on the type of fractions,

B. ruminicola[29] andS. bovig64] included significant coefficients of determinatior?)

in starch hydrolyzing bacterium, and thishave been seen. These values showed a very
means that these types of bacteria have bofi{0S€ cooperative action between proteolytic
amylolytic and proteolytic activities. These @Nd amylolytic enzymes under the experi-

enzymes are released in buffer after sonf€ntal conditions, or there may be the pres-
cation. ence of some species of bacteria with both

~ activities such aStreptococcus boviBre-
In SRFWP, except for the protein diet,votella ruminicola andRuminobacter amy-
other treatments have more or less similalophilus, which were later explained.

lipolytic activities. The reason for lower In the oil incorporated diet. hiaher lipase
activities in the protein diet is not completely tivity Was ex %cted But ’“ c?l tic Eac-
clear, although this may be due to thet"jlc.'vI yw d P ' d nit poly b
adsorption of lipase, or lipid derivation from c'UM NEEAS €nergy and nitrogénous sub-
lipase action by some bacteria or proteir?trate' Protease can provide nitrogenous
molecule; this aspect is however open fOFomponents from_ protein substance and
gmylase can provide substance for energy

more research. Some workers [5, 27] hav . . . _
reported uptake of long chain fatty acids bfxpendnure of this type of bacteria. For this

bacteria. The adsorption was very rapid, ta é%arlrse(:)lg’tiggg &?&ggﬂﬁ?&i;g 2?]3 %'g&'fgﬁﬂt
ing place within 1 min of the addition of the case and amylase in SRFWP and CFRF

fatty acid to the bacterial suspension. In th . ) .
CFREF fraction, because there was no adsor ractions, respectively. This aspect appears

tion or binding to bacteria, better lipolytic .0 P€ @ Synergistic relationship between
activity with extracellular origin was I'pOM'C. bacteria qnd other protein or starch
I%egradmg bacteria e.gnaerovibrio lipoly-

observed. The effect of isoacids and ure 1.3 andSelenomonas ruminantivan/and
on the enhancement of lipolytic bacteria fo ; )
Streptococcus bovisind, thus supporting

the production of extracellular lipase was h other in the d dati
negative. This effect in the isoacid treat->2cn Otherin the degradation process.

ment may concern more sugar derivation Cellulase and urease have shown that
from cellulose material, which is the resultboth enzymes did not have any significant

of higher cellulolyic activity in this diet. correlation with other enzymes in the
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SRFWP fraction (and with lipase in all frac-fractions, no significant correlation could
tions). This is in agreement with Kamra andbe observed between lipase and other
Pathak [37] who reported that importantenzymes.

cellulose degrading bacteria are protease

negative e.gFibrobacter succinogenes

Ruminococcus flavefaciemsidR. albus. 4.3. Microbial growth
Also, the strict anaerobic bacteria of rumen ] .
origin e.g.Prevotella(Bacteroides)Rumino- In ruminant animals, there may be a close

coccusButyrivibrio, Selenomonastc., have élationship between the production of
lower urease activities than other speciednicrobial protein in the rumen and excre-
Furthermore none of the anaerobic protelion Of purine derivatives in the urine [9,
olytic bacteria isolated by Blackburn and>8: 63]- The results from this experiment

Hobson [7] showed urease activity. TheTab. VIlIl) showed that oil, isoacid and

results of this experiment showed that celfifrogen diets, enhanced microbial synthe-

lulolytic bacteria did not have any significantSIS P < 0.05). There was more nitrogen in

S~ : I ._the form of urea and groundnut cake than
synerg|st|c'relat|onsh|p with other SPECIESom the other treatme%ts These results are
for production of other enzymes. :

in agreement with the report of Stern and
In samples of CFRF, no microbial cellsHoover [62]. They indicated that rumen
were present, and thus no cooperative dhicrobial synthesis requires an adequate
competitive relationship between bacterigsupply of nitrogen to achieve maximum effi-
was observed. Therefore, any enzyme actiiency. Some workers [12, 31, 56] reported
ity is related to the latter function of microor- the effect of nitrogen source in the form of
ganisms and interaction between thérue prqteln on II’ICI’eaSIng rum|nal protem
enzymes. For this reason there was no Sig{oductlon. On the contrary to these reports,
nificant correlation between protease andindberg and Jacobsson [40] concluded that

amylase which is seen in other fractions. the urinary excretion of purine derivatives in
ruminants is largely unaffected by moderate

In samples of EABC, all enzymes assochanges in energy intake and by large
ciated with the bacterial cell, under the sonehanges in protein intake.
ication condition are released, which may | several studies. the importance of
never have been released under normal copgacids as a growth stimulant for ruminal

ditions in live bacteria. In this fraction, all microorganisms has been demonstrated [3,
correlations among enzymes (except lipase);  41]. The results of this experiment are in
were significant. In this manner, for exam-agreement with these reports. Isoacid can
ple amylase has significant overlappingye 3 factor for a 25% increased production
functions with urease, cellulase and progf microbial mass (@) as compared with
tease and vice versa. This possibility mayhe control. Microbial mass @ in the
bring-up that some species of bacteria havgi| diet was 20% higher than in the control.
the potential for production of two or more This was in agreement with several studies.
enzymes at one time. The positive signifiikwuegbu and Sutton [32] showed that lin-
cant correlation supports this hypothesisseed oil in the rumen of sheep is accompa-
Although bacteria have this potential, innied by decreased ammonia concentration
practical conditions, these types of relaand increased N flow to the duodenum. Sim-
tionships have not been seen betweeiar changes occur when sheep are fed addi-
enzymes. In this regard, lipolytic bacteriational lipids as either corn oil or lecithin
are completely specialized for the productioj34]. The efficiency of microbial protein
of lipase, since with a higher coefficientsynthesis is attributed to the reduction of
correlation between enzyme activity inprotozoal numbers in the rumen and less
the EABC fraction as compared with otherbacterial N recycling [35].
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5. CONCLUSION (7]

Any attempt to improve ruminant nutri- 8]
tion must consider the fact that any alter-
ations in feed composition will lead to a
change in the rumen ecosystem. Isoacid
showed an extraordinary factor for cellu-[]
lolytic bacteria in relation to growth encour-
agement and cellulase production. Depenﬂ-lo]
ing upon the type of enzymes in eac
fraction, a significant coefficient of deter-
mination ¢2) was seen. For exampleé
between amylase and protease showed[&!
very close cooperative action between pro-
teolytic and amylolytic activity under exper- 12]
imental conditions, or perhaps the presenc%
of some species of bacteria with both activ-
ities.

Lipolytic bacteria are completely spe—[l
cialized in the production of lipase, but not
the other enzymes, which were studied in
this experiment. Our results showed that oil[14]
isoacid and crude protein enhance micro-
bial production and this could change the
pattern of enzymes in the rumen of sheep.

3]

(18]
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