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Abstract — The present study aimed to ascertain the influence of crude protein (CP) digestibility in

the rumen on the quantity and quality of milk production and reproductive performance, blood (BU)

and milk (MU) urea, haematological profile and vaginal mucus urea, ammonia and potassium of

buffalo cows. Lactating buffaloes (n = 84), 60 days in milk, were randomly subdivided into Group C

(control, n = 42) and Group T (fed a diet supplemented with Aspergillus oryzae, n = 42). In three

fistulated buffalo, the diet supplemented with Aspergillus oryzae showed a decrease (P < 0.01) in

protein digestibility in the rumen (79.3 vs. 45.9%). No differences were registered in productive per-

formance. Nine buffaloes not in oestrus during the dietary treatment (Groups T1 and C1), 30 days in

milk, were used to study the haematological profile and to determine milk urea and ammonia in the

vaginal mucus. The animals in Group T1 had higher ammonia values in the blood (P < 0.01) but not

in the vaginal mucus than Group C1. A relationship was found between MU and BU. MU was influ-

enced by CP intake and dry matter intake. No differences between the treatments were observed in

reproductive performance and the conception rate and calving interval were 37.9% and 41.4%

(90 trial-day) and 449 and 419 days respectively in Groups T and C. Reproductive performance was

not influenced by high levels of BU nor by blood ammonia levels, although the latter were higher in

the group fed the diet supplemented with Aspergillus oryzae.

buffalo cow / protein digestibility in the rumen / blood / milk / vaginal mucus

1. INTRODUCTION

Dietary proteins and their digestibility in

the rumen affect blood (BU) and milk (MU)

urea concentration [1–5]. Overfeeding proteins

has been associated with a decline in fertil-

ity in most [6–9], but not all [10] studies.

Jordan et al. [11] found an increase in

urea-nitrogen (N) concentration in the uter-

ine secretions and plasma of cows fed 23%
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crude protein (CP). Elrod et al. [7] showed

that an excess of either digestible (RDP) or

indigestible (RUP) protein, in the rumen in-

creases BU and alters uterine pH to a similar

degree, interfering with the normal induc-

tive effects of progesterone on the micro-

environment of the uterus, thereby provid-

ing suboptimal conditions to support em-

bryo development.

In buffaloes a decline in circulating urea

occurs after a sharp reduction in the protein

content of the diet while a fairly long period

of CP deficiency does not result in low MU

levels; in addition, dietary protein character-

istics and the protein/energy (P/E) ratio in-

fluence blood and milk urea [14].

To date, there have been few studies on

the influence of dietary protein concentra-

tion on the fertility of female buffaloes

[17–18].

The present study aimed to ascertain the

influence of different CP digestibilities in

the rumen obtained by supplementing the

diet with Aspergillus oryzae on milk pro-

duction and reproductive performance, BU,

MU, haematological profile and vaginal

mucus urea, ammonia and potassium levels

of lactating buffalo cows.

2. MATERIALS AND METHODS

2.1. Animals and dietary treatments

The influence of dietary CP digestibility

in the rumen on milk yield and quality was

determined using 84 lactating buffaloes

(60 ± 42 days in milk - DIM) of 129 kg met-

abolic weight (MW). In the previous lacta-

tion their average milk production over

270 days was greater than 2 500 kg. The

cows were randomly assigned to Group C

(control) and Group T (treated) and main-

tained in open yards that allowed 15 m
2
and

a feeding trough space of around 1.0 m for

each buffalo. Milk yield, at the beginning of

the study, was 13.3 ± 3.3 kg·day
–1

(Group C)

and 13.0 ± 3.3 kg·day
–1

(Group T).

The ingredients and chemical composi-

tion of the diets, administered as the total

mixed ration (TMR), are shown in Table I.

The T group diet was supplemented with

350 g of Millymix
®

(CLS, Zelo Buon Persico,

MI, Italy) containing microelements and

Aspergillus oryzae (125 g) in order to de-

crease the amount of RDP (Tab. I).

Two bulls of proven libido and fertility

were kept with each group of buffalo cows

for the duration of the study (90 days). Preg-

nancy was determined by rectal palpation at

30-day intervals. The day of conception was

calculated by subtracting the average gesta-

tion length (308 days) from the day at calv-

ing. Days open and conception rate were

calculated only for the animals that became

pregnant during the experimental period.

Feed intake and orts for each group were

measured daily. Individual feedstuff, TMR

and orts were sampled once weekly on a

random day. The analyses of individual

feedstuff, TMR and orts were carried out as

per AOAC [20] methods and energy values

(Milk Forage Units –MFU = 1 700 kcal

NEL) were calculated according to the

INRA equations [21].

2.2. In sacco measurements

The protein digestibility in the rumen

was evaluated by the in sacco method using

three fistulated buffaloes. The diets were

sampled and incubated as fed. For each

time, 3 bags per animal and diet were used.

After incubation the bags were hand-rinsed

in cold tap water for 5 min, and dried at

60
o
C for 72 h. The washing losses were de-

termined by washing 5 non-incubated bags

for each diet in cold water, following the

same procedure adopted for the bags re-

moved from the rumen at the end of each in-

cubation period. During rumen incubation,

the bags were fixed to teflon sticks anchored

to the rumen valve plug. RDP and RUP

were calculated according to ASPA [22].

The cannulated buffaloes were fed a diet

(CP/DM 12%; 50 g DM·kg
–1

of metabolic
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weight) with 75% forage and 25% concen-

trate.

2.3. Milk sampling, analytical methods,

standard milk and calculation

of differences between intake

and requirements

Fortnightly, for 90 days, the milk sam-

ples from each buffalo were collected dur-

ing the morning and afternoon milking in

order to evaluate milk composition (fat and

protein) using the IR spectroscopy (Milkoscan

139, Foss Electric, Hillerød, DK) calibrated

with the appropriate buffalo standard.

Energy corrected milk (ECM = 740 kcal)

was calculated using the formula for buffalo

cows: ([{fat (g·kg
–1

) – 40 + protein (g·kg
–1

)

– 31} × 0.01155] +1) × milk yield. The ani-

mals were weighed at the beginning and end

of the trial.

Individual feed intake and differences

(∆) between nutritive intake and relative re-

quirements were estimated as suggested by

Campanile et al. [14]:

dry matter (DM) intake = 91g × MW +

0.27 kg × kg ECM;

∆CP = g CP intake – (80 g CP × 100 kg

live weight + 2.7 g CP × g milk protein

yield);

∆MFU = MFU intake – [(1.4 + 0.6 ×

100 kg live weight) × 1.1 + 0.44 MFU × kg

ECM] [21].

2.4. Blood and vaginal mucus

samples and analytical methods;

milk urea analyses;

body condition score

Nine buffaloes, 31 ± 11 DIM, per dietary

treatment (Groups C1 and T1) not in oestrus

were used to study the metabolic profile and

to determine milk urea and ammonia in the

vaginal mucus. Every 20 days, for a total of

three times, blood samples, vaginal mucus

and milk samples were collected. Blood

samples were collected at 08.00 h, before

feeding, from the jugular vein in vacutainer

tubes. The tubes were centrifuged at 3 000 g

for 15 min. The recovered serum was stored

at –18
o
C until analysis for metabolic pro-

file. Immediately after sampling, the ammo-

nia (NH3) was measured on whole blood

with a rapid method (Cat. No. 29060, Am-

monia kit, Menarini, Florence, Italy) that

showed a high correlation (r = 0.988) with

the enzymatic UV-method. Glycemia (Cat.

No. 10011, SCM, Rome, Italy) was mea-

sured on plasma by means of a colorimetric

method. Blood parameters were measured

on serum using the enzymatic colorimetric

method (SCM, Rome, Italy) for urea (BU)
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Table I. Feed and chemical composition of the

diets in the control group (C) and the group fed a

diet supplemented with A. oryzae (T).

Group T C

Corn silage (kg) 28.0 28.0

Sugar dry beet pulp (kg) 5.5 5.5

Soybean meal (kg) 3.0 3.0

Fat (g) 300 350

CaCO
3
(g) 150 100

Millymix
®

(g)* 350 –

Vitamin (g) 40 40

Chemical composition

Dry matter (kg) 17.9 18.0

Crude protein (%DM) 15.8 15.8

Ether extract (%DM) 5.0 5.0

UFL·kg
–1 DM

0.9 0.9

Crude fiber (%DM) 20.6 20.6

Ash (%DM) 7.2 7.3

NDF (%DM) 41.1 41.0

ADF (%DM) 25.8 25.8

NSC (%DM) 29.5 29.4

* Containing Aspergillus oryzae (125 g) and following

microelement (in 100 g): Fe (sulfate) 220 mg; Mn (ox-

ide) 450 mg; Zn (oxide) 630 mg; I (iodide) 3 mg; Cb

(sulfate) 0.5 mg; Se 0.2 mg; Sulphur 1.2 mg. UFL (en-

ergy), NDF (neutral detergent fiber), ADF (acid deter-

gent fiber), NSC (non structural carbohydrates).



(Cat. No. 10230), creatinine (Cat. No. 10073),

total cholesterol (Cat. No. 10028), HDL

cholesterol (Cat. No. 10176), triglycerides

(Cat. No. 10163), ALT (Cat. No. 10122),

AST (Cat. No. 10132), GGT (kinetic at

37
o
C) (Cat. No. 10228), β-hydroxybutyrate

(BHBA) (Cat. No. 310-A, Sigma Diagnos-

tic, St. Louis, MO, USA) and non-esterified

fatty acids (NEFA) (Cat. No. AM0115,

Randox Laboratories Ltd., Crumlin, UK).

Colorimetric methods (SCM, Rome, Italy)

were used to measure calcium (Cat. No.

10053), phosphorus (Cat. No. 10241), mag-

nesium (Cat. No. 10410) and total proteins

(Cat. No. 10031); the serum protein frac-

tions were evaluated by the electrophoresis

technique (Alfa Wasterman, Milan, Italy).

Potassium was measured by means of an

aphotometer with an air/acetylene flame

(Cat. No. DV710, Giodevita, Rome, Italy).

Insulin was measured by the automated

fluoro-immunometric method (AIA 1200;

TOSO, Eurogenetics, Milan, Italy). Vaginal

mucus was aspirated with an insemination

pipette and syringe, diluted 1:1 with a sterile

physiological solution and frozen until anal-

ysis for urea and potassium performed ac-

cording to Jordan et al. [11] and for NH3

according to Rumello et al. [24]. Milk urea

(MU) was measured spectrophotometri-

cally (Cat. No. 535A, Sigma Diagnostic, St.

Louis, MO, USA).

Body condition scores (BCS) were re-

corded at every milk collection assigned us-

ing a scale of 1 to 9 [25] modified for the

buffalo.

2.5. Statistical analyses

The general linear model (GLM) [26]

procedure for repeated measures was car-

ried out for milk and blood parameters be-

tween dietary groups (T and C; T1 and C1)

and between pregnant (P) and non-pregnant

(NP) buffaloes at the end of the trial. In

the latter two groups we excluded from the

analysis buffaloes already pregnant at the

beginning of the trial and, for each variable,

the buffaloes that scored anomalous values.

In addition for only milk parameters, the

GLM [26] was performed between Groups C

and T within productive levels (High: > 13 kg;

Medium: 10–13 kg; Low: < 10 kg: groups

H, M and L respectively).

Correlation analyses [26] were per-

formed between blood, milk, and mucus pa-

rameters and dietary characteristics. Linear

regression analyses were performed for

blood NH3 and MU as dependent variables

using BU as the independent variable. Mul-

tiple linear regression was performed with

the SPSS 10.0 [26] stepwise procedure in

order to evaluate the relationship between

blood NH3, BU, MU and the dietary charac-

teristics. The conception rate was analyzed

by the Chi-square test.

The number of animals in the various

groups and subgroups are reported in Table II.

3. RESULTS

Diet supplemented with Millymix
®

con-

taining microelements and Aspergillus

oryzae showed a decrease in protein digest-

ibility in the rumen (79.3% ± 1.7 vs. 45.9%

± 4.5; P < 0.01).
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Table II. Number of enrolled animals in the con-

trol and A. oryzae treated groups (C and T) and

in the different subgroups: P (pregnant), NP

(non-pregnant), H (high lactating cows, > 13 kg),

M (medium lactating cows, 10–13 kg) and L (low

lactating cows, < 10 kg).

Group C T

n n

P 13 11

NP 18 18

H 15 12

M 12 12

L 15 18

Total 73 71



Total dry matter (DM) intake (Tab. III)

was similar for buffaloes in Group T

(16.6 kg·day
–1

) and Group C (16.1 kg·day
–1

).

No differences between dietary treat-

ments (C and T) were observed in milk and

ECM yield (Fig. 1) and milk quality (Fig. 2).

The intake of DM, CP, RUP and RDP

did not differ between Groups P and NP.

Similarly, no differences were found for

milk yield and quality (Tab. III).

No difference emerged between Group

C1 and T1 in MU (8.8 vs. 8.4 mmol·L
–1

) and

BU (Tab. IV) values. However, Group T1

had higher (P < 0.01) blood ammonia

(Tab. IV). The relationship between MU and

BU is expressed by the following equation:

MU (mmol·L
–1

) = 1.02 + 0.802 BU

(mmol.L
–1

); n = 51; mse = 0.213; r
2
= 0.814.

CP intake and days in milk influenced

MU levels:

MU (mmol·L
–1

) = –12.475 + 0.008 CP

intake (g) + 0.029 days in milk; n = 51;

mse = 0.473; r
2

= 0.587.
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Table III. Mean and standard error (m ±se) of energy corrected milk (ECM) and milk protein yields;

differences between energy (MFU) and crude protein (CP) intakes with their respective requirements,

rumen digestible proteins (RDP) and rumen indigestible proteins (RUP) intake in the control (C) and

A. oryzae treated groups (T) and in pregnant (P) and non-pregnant animals (NP).

Group C T P NP

n 42 42 24 36

ECM·d
–1

(kg) 19.1 ± 0.5 19.1 ± 0.4 19.6 ± 0.6 18.8 ± 0.4

Milk protein·d
–1

(g) 525 ± 11 534 ± 13 543 ± 19 509 ± 12

DMI (kg) 16.1 ± 0.1 16.6 ± 0.1 16.6 ± 0.2 16.4 ± 0.2

MFU intake 14.7 ± 0.1 15.1 ± 0.1 15.5 ± 0.2 15.3 ± 0.1

∆MFU +0.53 ± 0.04 +0.84 ± 0.06 +1.00 ± 0.06 +1.20 ± 0.14

CP intake (g) 2512 ± 23 2556 ± 21 2669 ± 22 2644 ± 37

∆CP (g) +575 ± 14 +594 ± 12 +683 ± 23 +750 ± 19

RDP intake (g) 1992 ± 19 1173 ± 34 1743 ± 54 1629 ± 44

RUP intake (g) 520 ± 49 1382 ± 46 926 ± 67 1015 ± 45

5
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Figure 1. Mean values and sd values of milk and energy corrected milk (ECM) yields of the groups H

(high lactating cows, > 13 kg·day
–1

), M (medium lactating cows, 10–13 kg·day
–1

), L (low lactating

cows, < 10 kg·day
–1

) within control group (C) and A. oryzae treated group (T).



No relationship emerged between blood

urea and ammonia levels. The latter was

negatively influenced by RDP intake:

NH3 (µmol·L
–1

) = 202.65 – 0.055 RDP

intake (kg); n = 53; mse = 2 958; r
2
= 0.483

Within the 18 subjects that were 30 days

in milk (T1 and C1 groups), no differences

were observed between P and NP buffa-

loes in MU (8.5 ± 0.3 mmol·L
–1

vs. 8.8 ±

0.3 mmol·L
–1

), BU or blood ammonia

(Tab. IV).

Except for the BU, whose levels were

higher than normal, the other haematological

parameters examined were in the physiological

range for buffaloes [28–31] and did not dif-

fer between Group C1 and Group T1. Con-

sidering the P and NP groups, the latter

showed higher (P < 0.05) values for K

(3.9 ± 0.1 vs. 4.3 ± 0.1 mEq·L
–1

) and total

protein (7.8 ± 0.2 vs. 8.5 ± 0.3 g·L
–1

).

The BCS values were lower (P < 0.05) in

Group T than in Group C at 80 and 100 days

in milk (Fig. 3). The BCS value was influ-

enced by non-structural carbohydrates (NSC)

and RDP intake and by DIM: BCS = –0.402

+ 0.001 NSC intake (g) + 0.0006 RDP in-

take (g) + 0.012 DIM; n = 51; mse = 0.095;

562 G. Campanile et al.

2

H M L Tot H M L Tot

fat                                     protein

%

T C

3
4
5
6
7
8
9

Figure 2. Mean values and sd values of fat and protein percentages of the groups H (high lactating

cows, > 13 kg·day
–1

), M (medium lactating cows, 10–13 kg·day
–1

), L (low lactating cows, < 10 kg·day
–1

)

within control group (C) and A. oryzae treated group (T).

Table IV. Estimated means (m ± s.e.) of the urea, ammonia (NH3) and potassium (K) in blood and

vaginal mucus in the control (C) and A. oryzae treated gropups (T) and in pregnant (P) and non-preg-

nant animals (NP) at the end of the trial (Groups P1 and NP1).

Group

Blood Mucus

Urea

(mmol·L
–1

)

NH3

(µmol·L
–1

)

K

(mEq·L
–1

)

Urea

(mmol·L
–1

)

NH3

(µmol·L
–1

)

K

(mEq·L
–1

l)

C1

(n)

9.1 ± 0.2

(8)

103.0 ± 10.3 B

(9)

4.2 ± 0.1

(7)

5.2 ± 0.7

(7)

17.0 ± 7.0

(7)

6.4 ± 1.9

(6)

T1

(n)

9.6 ± 0.3

(7)

146.0 ± 10.0 A

(8)

4.0 ± 0.1

(8)

5.7 ± 0.9

(5)

18.0 ± 9.0

(4)

8.0 ± 2.1

(5)

P1

(n)

9.2 ± 0.3

(9)

117.0 ± 11.0

(10)

4.0 ± 0.1 a

(9)

6.5 ± 0.8

(6)

17.0 ± 8.0

(6)

4.5 ± 2.1

(5)

NP1

(n)

9.6 ± 0.4

(6)

132.0 ± 9.0

(7)

4.3 ± 0.1 b

(6)

4.4 ± 0.8

(6)

18.0 ± 9.0

(5)

9.9 ± 1.9

(6)

Tot.

(n)

9.4 ± 0.2

(15)

124.0 ± 7.0

(17)

4.1 ± 0.1

(15)

5.5 ± 0.6

(12)

17.0 ± 16.0

(11)

7.2 ± 1.4

(11)



r
2

= 0.828. The trend and differences between

Groups T1 and C1 were similar. No differ-

ences in BCS were observed between P and

NP buffaloes.

In the 90 days of the trial, the conception

rate and calving interval were 37.9% and

41.4% and 449 d and 419 d respectively in

buffaloes of Group T and Group C. There

were no significant differences in urea, am-

monia and K measured in the vaginal mu-

cus, neither between dietary treatment

(Groups T1 and C1) nor between pregnant

and non-pregnant cows amongst the eigh-

teen buffaloes (Tab. IV). The urea values of

vaginal mucus were related to BU (r = 0.373;

P < 0.05); furthermore a negative relation

(r = –0.389; P < 0.05) was found between

the ammonia level of the vaginal mucus and

∆MFU. Potassium values in the vaginal mu-

cus were related to CP intake (r = 0.525;

P < 0.01).

4. DISCUSSION

In the present study Aspergillus oryzae

did not influence milk yield during the first

150 days of lactation in pluriparous buffa-

loes. DM intake·kg
–1

ECM was similar to

that observed in cattle [21] and in buffalo

[32] at the same stage of lactation.

According to Campanile et al. [14], en-

ergy requirements were met while CP

intake of all the subjects was 26% higher

than that required for their milk production.

Supplementing the diet with microelements

and Aspergillus oryzae resulted in a higher

RUP intake in Group T, exceeding the re-

quirements (+80%) suggested by NRC [27]

for cows yielding less than 600 g milk pro-

tein·day
–1

. By contrast, the RDP intake of

Group C was 29% lower than required.

However, differences in milk yield and

quality were not observed even in high pro-

ducing buffaloes. In contrast, Infascelli et al.

[15] found a significant increase in milk

yield by supplementing the diet for buffalo

cows with Aspergillus oryzae; the different

findings could be due to the very high pro-

ductive level of the buffalo cows used by

these authors.

In the 18 subjects that were 30 days in

milk, MU and BU were correlated (r = 0.902)

as shown by other studies in dairy cows [5,

35, 36] and buffalo cows [14]. Urea levels in

milk and blood were influenced by CP in-

take and days in milk, while protein digest-

ibility in the rumen did not influence both

parameters. In mid-lactation [14] MU and

BU were influenced by the P/E ratio.

Carruthers et al. [37] found that in cows in

late lactation the P/E ratio increased micro-

bial protein synthesis in the rumen. Urea

levels in the blood and milk increased ac-

cording to the days open due to the higher

DM and hence CP intake [28].

The blood ammonia level was negatively

affected by RDP intake and, as found in

dairy cows, it was not influenced by BU

[38]. The latter author attributed this result

to the fact that urea peaks 4 to 8 h after feed-

ing [38]. Ammonia values in buffalo cows

were higher than those reported by Elrod

and Butler [7] in dairy cows, and McEvoy

et al. [39] in sheep, and lower compared

with the results of Jordan et al. [11] and

Garcia-Bojalil [40] in cattle.

The higher ammonia values in Group T

may have resulted from the high level of

RUP which, not being completely digested

in the jejune may pass into the large
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Figure 3. Patterns (m ± sd) of body condition

scores (BCS) and energy corrected milk (ECM)

in the control (C) and the group fed a diet supple-

mented with A. oryzae (T) during the trial. DIM:

days in milk.



intestine where it should be degraded by mi-

crobial flora and transformed into ammonia

which circulates again [41]. The low level

of diet fermentable carbohydrates (NSC/DM

25.9%) in the present trial could have fur-

ther promoted the phenomenon as sug-

gested by NRC [41].

Group T showed a lag phase in recover-

ing BCS; which appears difficult to explain.

However, considering the higher blood am-

monia values of Group T, the delay in re-

covering the BCS could be due to the lower

protein availability as an energy source and

to the higher energy loss in order to elimi-

nate the excess ammonia.

Protein digestibility in the rumen did not

influence reproductive activity in buffalo

cows. Indeed, it is important to underline

that feeding both groups with the experi-

mental diet throughout the mating period

(March-September) resulted in an 80%

pregnancy rate; this percentage is normally

observed in southern Italy for the buffalo.

The urea values measured in the vaginal

mucus were similar [11] or higher than

those reported respectively in the dairy cow

[24] and sheep [39]. By contrast, the ammo-

nia level in the vaginal mucus was consider-

ably lower than those found by Rumello

et al. [24] in the dairy cow and by McEvoy

et al. [39] in sheep. High levels of ammonia

in the uterus affect fertility in dairy cows

due to the detrimental effect on embryo de-

velopment [39]. It is possible that in the buf-

falo, independently of the BU, a lower

diffusion of ammonia occurs in the uterus,

reducing the detrimental effect on reproduc-

tive efficiency. The high values of fertility

registered during the trial and at the end of

the mating period (March-September) show

that urea levels in the blood and in the vagi-

nal mucus do not have a negative effect on

reproductive performance.

It is widely reported that the negative ef-

fect of excess protein on fertility, in cattle,

may be due to the RDP intake [6, 11, 38,

39]. In the present trial the negative effect of

RDP excess was not observed in buffalo

cows since this species uses nitrogen better

than cattle, also with NSC deficiency [43]. In

buffalo, the intraruminal environment is more

favorable for NPN-using bacteria [43].

Energy deficiency decreases the ability

of the liver to transform ammonia into urea.

This results in an increase in blood ammo-

nia levels and, by diffusion, in the vaginal

mucus ammonia level. In addition Schepers

and Meijer [44] found a relationship be-

tween diet energy and MU.

According to Jordan et al. [11], K values

in the vaginal mucus are conditioned by CP

intake irrespective of protein digestibility in

the rumen.

5. CONCLUSION

Dietary protein digestibility in the rumen

did not influence buffalo milk yield or qual-

ity, probably due to its low yield potential.

Reproductive performances were not in-

fluenced by high levels of BU nor by blood

ammonia levels, although the latter were

higher in the group fed the diet supple-

mented with Aspergillus oryzae.

In the buffalo, a lower diffusion of am-

monia occurs in the uterus, reducing the det-

rimental effect on reproductive efficiency.

The high values of fertility registered during

the trial and at the end of the mating period

(March-September) appear to confirm that

urea levels in the blood and in vaginal mu-

cus do not have a negative effect on repro-

ductive performance. This result may well

reflect the tropical (North of the Equator)

origin of buffalo which modifies diet pro-

tein use according to season and feed avail-

ability. Indeed, in tropical regions, forage

availability occurs only for a few months.

ACKNOWLEDGEMENTS

The authors thank the CSL (Centro Speri-

mentale del Latte) - Zelo B.P. (LO) for providing

the Millymix.

564 G. Campanile et al.



REFERENCES

[1] Baker LD, Ferguson JD, Chalupa W. Responses

in urea and true protein of milk to different pro-

tein feeding schemes for dairy cows. J Dairy Sci

1995, 78: 2424–2434.

[2] Carlsson J, Pehrson B. The influence of the di-

etary balance between energy and protein on

milk urea concentration. Experimental trials as-

sessed by two different protein evaluation sys-

tems. Acta Vet Scand 1994, 35: 193–205.

[3] Monteils V, Jurjanz Blanchart G, Laurent F. Ni-

trogen utilisation by dairy cows fed differing in

crude protein level with a deficit in ruminal fer-

mentable nitrogen. Reprod Nutr Dev 2002, 42:

545–557.

[4] Gonda HL, Lindberg JE. Evaluation of dietary

nitrogen utilization in dairy cows based on urea

concentrations in blood, urine and milk, and on

urinary concentration of purine derivatives. Acta

Agric Scand Sect A, Anim Sci 1994, 44:

236–245.

[5] Roseler DK, Ferguson JD, Sniffen CJ, Herrema

J. Dietary protein degradability effect on plasma

and milk urea nitrogen and milk non-protein ni-

trogen in Holstein cows. J Dairy Sci 1993, 76:

525–534.

[6] Canfield RW, Sniffen CJ, Butler WR. Effects of

excess degradable protein on postpartum repro-

duction and energy balance in dairy cattle. J

Dairy Sci 1990, 73: 2342–2349.

[7] Elrod CC, Butler WR. Reduction of fertility and

alteration of uterine pH in heifers fed excess

ruminally degradable protein. J Anim Sci 1993,

71: 694–701.

[8] Jordan ER, Swanson LV. Serum progesterone

and luteinizing hormone in dairy cattle fed vary-

ing levels of crude protein. J Anim Sci 1979, 48:

1154–1158.

[9] Kaim M, Folman J, Neumark H, Kaufmann W.

The effect of protein intake and lactation number

on postpartum bodyweight loss and reproductive

performance of dairy cows. Anim Prod 1983, 37:

229–235.

[10] Howard HJ, Aalseth AP, Adams GD, Bush LG,

McNew RW, Dawson LJ. Influence of dietary

protein on reproductive performance of dairy

cows. J Dairy Sci 1987, 70: 1563–1571.

[11] Jordan ER, Chapman TE, Holtan DW, Swanson

LV. Relationship of dietary crude protein to com-

position of uterine secretions and blood in

high-producing postpartum dairy cows. J Dairy

Sci 1983, 66: 1854–1862.

[12] Ferguson JD, Chalupa W. Impact of protein nu-

trition on reproduction in dairy cows. J Dairy Sci

1989, 72: 746–766.

[13] Bertoni G, Amici A, Lombardelli R, Bartocci S.

Variations of metabolic profile and hormones in

blood of buffaloes, cattle and sheep males fed the

same diets. Proc of the Inter Symp “Prospect of

buffalo production in the Mediterranean and the

Middle-East”, Cairo, 9–12 November 1993,

p 345–348.

[14] Campanile G, De Filippo C, Di Palo R, Taccone

W, Zicarelli L. Influence of dietary protein on

urea levels in blood and milk of buffalo cows.

Livest Prod Sci 1998, 55: 135–143.

[15] Infascelli F, Galiero G, Costa M, Sarubbi F, Di

Lella T. Effect of Aspergillus oryzae on milk

yield in buffalo cows. Proc V World Buffalo

Congress, Caserta, Italy, 13–16 October 1997,

p 245–248.

[16] Campanile G, Di Palo R, Esposito L, Boni R,

Zicarelli L. Influenza dei fabbisogni produttivi e

del clima su alcune caratteristiche dell’estro

nella bufala. Proc IX Congr Naz ASPA 1991,

p 180–200.

[17] Salama AA, Ali HM, Shokry MM. The effect of

feeding different energy levels on the reproduc-

tive performance of buffalo. 2nd World Congress

on genetics applied to livestock production, Ma-

drid, Spain, 1982, p 410–413.

[18] Campanile G, Di Palo R, Gasparrini B,

D’Occhio MJ, Zicarelli L. Effects of early man-

agement system and subsequent diet on growth

and conception in maiden buffalo heifers. Livest

Prod Sci 2001, 71: 183–191.

[19] Sarubbi F, Infascelli F, Cutrignelli MI, Di Lella

T. Rumen activity and in situ degradability of

buffaloes fed diets additioned with Aspergillus

oryzae. Proc V World Buffalo Congress,

Caserta, Italy, 13–16 October 1997, p 342–346.

[20] AOAC. Official methods of analysis. 13th ed.

AOAC 1980, Washington, DC.

[21] Jarrige R (Ed). Alimentation des bovins, ovins et

caprins. INRA, Paris, 1988.

[22] ASPA. Commissione Proteine nella Nutrizione e

nell’Alimentazione dei Poligastrici. Valutazione

degli alimenti di interesse zootecnico. 3.

Degradabilità e valore proteico degli alimenti per

i ruminanti. Zoot Nutr Anim 1994, 20: 281–291.

[23] Di Palo R. Produzione lattea nella bufala con

diete tradizionali e con l’impiego di acidi grassi.

Ph.D. thesis, Università di Napoli “Federico II”,

1992.

[24] Rumello G, Bergero D, Tarantola M, Mimosi A,

Ladetto G. Nutrizione azotata e metaboliti

derivati nel latte e nel muco cervicale della

bovina lattifera. Large Animal Review 1999, 5:

27–30.

[25] Wagner JJ, Lusby J, Oltjen JW, Rakestraw J,

Wettermann RP, Walter, LE. Carcass composi-

tion in mature Hereford cows: estimation and ef-

fect on daily metabolizable energy requirement

during winter. J Anim Sci 1988, 66: 603–612.

Effects of crude protein degradability in buffaloes 565



[26] SPSS 10.0. User Guide. McGraw-Hill, New

York, 2001.

[27] NRC. Nutrient Requirements of Dairy Cattle.

National Academy Press, Washington, DC, 2001.

[28] ASPA. Commissione Valutazione dell’assetto

metabolico degli animali in produzione

zootecnica, Guida alla interpretazione dei profili

metabolici. Università degli Studi di Perugia,

1999.

[29] Campanile G, Avallone L, d’Angelo A, Di Palo

R, Di Meo C. Influence of season and of the

number of days after calving on the pattern of

thyroid hormones in buffalo cows. Proc. IV

World Buffalo Congress, Sao Paulo, Brasil,

27–30 June 1994, 3: 564–567.

[30] Campanile G, Di Palo R, d’Angelo A. Haemato-

logical profile in buffalo. Bubalus bubalis Suppl

1997, 4: 236–249.

[31] Zicarelli L, Intrieri F, de Franciscis G. Variazioni

stagionali ed aziendali del profilo metabolico nei

bufali. Zoot Nutr Anim 1982, 8: 321–356.

[32] Campanile G. Relationship between nutrition

and reproduction in buffalo. Bubalus bubalis

Suppl 1997, 4: 217–235

[33] Di Lella T, Infascelli F, Cutrignelli MI. Rumen

degradability and protein value of feeds utilized

by buffaloes. Bubalus bubalis 1995, 1: 38–48.

[34] Infascelli F, Di Lella T, Piccolo V. Dry matter, or-

ganic matter and crude protein degradability of

high protein feeds in buffaloes and sheep. Zoot

Nutr Anim 1995, 6: 81–94.

[35] Oltner R, Wiktorsson H. Urea concentration in

milk and blood as influenced by feeding varying

amounts of protein and energy to dairy cows.

Livest Prod Sci 1983, 10: 457–467.

[36] Oltner R, Emanuelkson M, Wiktorsson H. Urea

concentration in milk in relation to milk yield,

live weight, lactation number and amount and

composition of feed given to dairy cows. Livest

Prod Sci 1985, 12: 47–57.

[37] Carruthers VR, Neil PG, Dalley DE. Effect of al-

tering the non-structural carbohydrate ratio in a

pasture diet on milk production and ruminal me-

tabolites in cows in early and late lactation.

Anim Sci 1997, 64: 393–402.

[38] Butler, WR. Effect of protein nutrition on ovar-

ian and uterine physiology in dairy cattle. J Dairy

Sci 1998, 81: 2533–2539.

[39] McEvoy TG, Robinson JJ, Atken RP, Findlay

PA, Robertson IS. Dietary excesses of urea influ-

ence the viability and metabolism of pre-

implantation sheep embryos and may affect

foetal growth among survivors. Anim Reprod

Sci 1997, 47: 71–90.

[40] Garcia-Bojalil CM, Staples CR, Thatcher WW,

Drost M. Protein intake and development of

ovarian follicles and embryos of superovulated

non-lactating dairy cows. J Dairy Sci 1994, 77:

2537–2548.

[41] NRC. Ruminant nitrogen usage. National Acad-

emy Press, Washington, DC, 1985.

[42] Zicarelli L. Nutrition in dairy buffaloes. In: Prof.

Tonhati H, Prof. Bernabe VH, Prof. Baruselli PS

(Eds), Perspective of buffalo husbandry in Brazil

and Latin America. Funep, Jabuticabal, 1999,

p 157–178

[43] Langer PN, Sidhu GS, Bathia JS. A study of the

microbial population in the rumen of buffalo

(Bos bubalis) and zebu (Bos indicus) on a feed-

ing regimen deficient in carbohydrates. Indian J

Vet Sci 1969, 38: 333–336.

[44] Schepers AJ, Meijer RGM. Evaluation of the uti-

lization of dietary nitrogen by dairy cows based

on urea concentration in milk. J Dairy Sci 1996,

81: 579–584.

To access this journal online:
www.edpsciences.org

566 G. Campanile et al.


