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chewing behaviour of Holstein young bulls
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Abstract:
BACKGROUND: Fat supplementation in ruminants ration 

often adversely affect dry matter intake (DMI), rumen fer-
mentation and nutrients digestion. Basal diet ingredients is 
an undeniable determinant of ruminants responses including 
performance, chewing behaviour and nutrient digestibility to 
fat supplementation. OBJECTIVES: Current study was con-
ducted to evaluate the effect of Fish oil (FO) supplementa-
tion under different proportion of alfalfa hay (AH) and corn 
silage (CS) in ration on performance, rumen fermentation, 
nutrient digestibility and chewing behaviour of Holstein 
young bulls. METHODS: Thirty -six Holstein young bulls 
were used in a 2 × 3 factorial arrangement, with 2 levels of 
AH proportion (10 and 20 % of AH versus 20 and 10 % of 
dietary CS) combined with 3 levels of FO supplement (0, 
1 and 2.1% of dietary dry matter). Calves were fed TMR 
consisting of 30 % of forage and 70 % of barley grain-based 
concentrate mix (dry matter basis). The experiment lasted 
for 90 days. RESULTS: Dry matter intake was not affected 
by interaction of AH proportion and FO supplementation. 
Higher dietary CS proportion caused more DMI regardless 
of FO supplementation (8.71 versus 8.00 kg/d respectively 
for treatments with high and low CS proportion; p< 0.01). 
Highest level of FO reduced DMI regardless of AH propor-
tion (8.65, 8.52 and 7.90 kg/d respectively for 0, 1 and 2.1 % 
of FO; p< 0.01). Rumen fermentation and nutrients digest-
ibility were not affected by dietary treatments. Rumination 
times per kg of dry matter (DM) and physically effective 
neutral detergent fiber (peNDF) > 1.18 were increased in re-
sponse to FO supplementation regardless of AH proportion 
(p< 0.01). High AH proportion showed lower total chewing 
activity and total rumination time (p< 0.01), higher chewing 
activity per kg of peNDF > 1.18 intake and eating times per 
kg of DM and peNDF > 1.18 intake p< 0.01) regardless of 
FO supplementation. CONCLUSIONS: The results demon-
strate that AH can be replaced by CS to prevent depression 
in DMI and stimulate chewing activity in the case of fat sup-
plementation.
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Introduction

Lowered dry matter intake (DMI) and 
depressed nutrient digestibility are com-
mon consequences of fat supplementation 
in ruminant’s diet and these deleterious ef-
fects can be exacerbated by enhancement 
in degree of unsaturation. Unsaturated FAs 
may decrease feed intake through decreas-
ing the meal size or increasing inter-meal 
interval (Harvatine and Allen, 2006). More-
over, adding fat to ruminants rations may 
affect ruminal fiber digestion and passage 
rate, which can affect ruminal digesta pool 
size and chewing activity (Harvatine and 
Allen, 2005). The composition of basal diet 
has been reported to modulate the response 
to fat supplementation (Kargar et al., 2010). 
Fat supplementation in corn silage (CS) 
comparing with alfalfa hay (AH) based di-
ets has been shown to negatively affect fiber 
digestion, rumen fermentation, DMI, and 
milk fat percentage in dairy cow (Onetti et 
al., 2001; Onetti et al., 2004). On the other 
hand, Kowsar et al. (2008) reported that re-
placing AH with CS in dairy cows diet can 
increase DMI and consumption of net ener-
gy for lactation (NEL) and neutral detergent 
fiber (NDF), however fiber digestion was 
decreased. Fiber is effective when it can be 
well digested in the rumen and in order to 
be well digested, it must be able to stimulate 
rumination, chewing activity and salivation 
(Beauchemin et al., 2008). Kowsar et al. 
(2008) reported that when diet is supple-
mented by unsaturated fat, a combination 
of ensiled and short cut hay forage simul-
taneously can increase DMI. Enhancement 
in particle size and subsequently physically 
effective NDF (peNDF) has been reported 
to increase mean retention time of lipid and 
promote its availability for microbial attack 

(Czerkawski and Clapperton, 1984) which 
can lessen antimicrobial behaviour of fat 
supplement. Hence, the objective of this 
study was to define an optimum CS to AH 
ratio to mitigate the likely decline in DMI 
and nutrient digestibility in response to fish 
oil (FO) supplementation through evalua-
tion of feed intake, nutrients digestion and 
chewing behaviour of Holstein young bulls.

Materials and Methods

Animal, Housing and Diets: This exper-
iment was conducted at the research dairy 
farm of Department of Animal Science, 
College of Agriculture and Natural Re-
search, University of Tehran (Karaj- Iran). 
The study received approval from institu-
tional Animal Care Committee. Thirty-six 
Holstein young bulls (with initial BW of 
345±61 kg) were blocked by weight and 
randomly assigned to 6 dietary treatments 
following a 2 × 3 factorial arrangement (6 
bulls in each treatment). Bulls were housed 
in individual pens. The experiment began 
after two weeks of an adaptation period to 
experimental diets and lasted for 90 days. 
Dietary treatments were 2 proportions of 
chopped AH (10 and 20 % of dietary dry 
matter basis) combined with 3 concentra-
tions of FO (0, 1 and 2.1 % of dietary dry 
matter). The diets were balanced according 
to the nutrient requirement of NRC (1996) 
and were isocaloric and isonitrogenous and 
consisted of 30 % forage and 70 % concen-
trate mix (dry matter basis). Fish oil was 
added to concentrate and was prepared ev-
ery 10 days to prevent fatty acid oxidation. 
The bulls were offered a total mixed ration 
(TMR) ad libitum and fed twice daily at 
8:00 h and 17:00 h with approximately 5 to 
10 % of refusals and had free access to water 
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and salt. The offered feed and refusals were 
recorded daily before the morning meal for 
calculation of DMI. Bulls were weighted 
monthly before the morning meal for cal-
culation of average daily gain (ADG). Feed 
ingredients and diets were sampled every 2 
weeks. Ingredients and chemical composi-
tion of diets are shown in Table 1. 

Feed and fecal analysis: Samples of 
TMR and oats were collected and ov-
en-dried at 60° C for 48 h every 2 weeks, 
ground to pass through 1-mm screen using 
a hammer mill (Arthur Hill Thomas Co., 
Philadelphia, PA) and stored until analyzed 
chemically. Fecal samples were obtained 
from the rectum for 1 week at the end of 
period and were oven-dried at 60 ºC for 48 
h, ground and pooled for individual bull. 
Samples were analyzed for dry matter (DM; 
945.15), ash (967.05), crude protein (CP; 
Kjeldahl N6.25,990.03) and ether extract 
(EE; 945.16) according to AOAC (1990). 
The NDF (without heat stable amylase) 
and acid detergent fiber (ADF) contents 
were analyzed according to Van Soest et 
al. (1991). The NDF and ADF fractions in-
cluded the residual ash. Non-fiber carbohy-
drate (NFC) content was calculated by the 
following formula: NFC= 1000- (NDF g/kg 
+ CP g/ kg + EE g/kg + ash g/kg). Acid-in-
soluble ash was used to calculate apparent 
digestibility of DM, organic matter (OM), 
CP, NDF and ADF according to Van Keulen 
and Young (1977).

Rumen fluid sampling and analysis: 
Rumen fluid samples were collected from 
each bull in the last week (d 83) at 0 and 
4 h post feeding using a stomach tube at-
tached to an Erlenmeyer flask connected to 
vacuum pump. To avoid saliva contamina-
tion, the initial 50 ml of rumen fluid was 
discarded and the pH of the second part 

was determined immediately using a porta-
ble pH meter (Sentron, model A102-003). 
Then, rumen fluid was filtered through a 
four layer cheese cloth and 25 ml of it was 
preserved by adding 5 ml of 25 % meta-
phosphoric acid solution for later determi-
nation of volatile fatty acids (VFA), and 20 
ml was combined with 20 ml 0.2 N HCl 
for later measurement of ammonia nitro-
gen (NH3-N) concentration, and stored at 
-20 °C until analysis. Rumen fluid samples 
were thawed, centrifuged at 1200 RPM for 
10 min, and the supernatant was analyzed 
for VFA by gas chromatography (Hewl-
ett-Packard, model 5890, Avondale, PA) 
and determination of ruminal NH3-N con-
centration. Protozoa number in the rumen 
content was determined as described by 
Veira et al. (1983). 

Particle size distribution: The Penn 
State Particle Separator (PSPS) was used to 
measure particles distribution of the TMR 
and forages. Samples of TMR and forage 
were obtained every 2 weeks and were used 
for PSPS analysis. After sieving, materials 
from each of the sieves were removed and 
dried at 55 °C to determine DM content. 
Physically effective NDF (peNDF) was 
estimated by multiplying dietary NDF per-
centage by the proportion of DM retained 
on the 19.0, 8.0, and 1.18 mm sieves of the 
PSPS (Kononoff et al., 2003). 

Eating, ruminating and chewing activ-
ities: Eating and rumination activities were 
monitored visually for two periods of 48-h 
in the middle (d 44 and 45) and at the end 
of period (d 80 and 81). Eating and ruminat-
ing activities were recorded by 2 alternating 
individuals every 5 min and each activity 
was assumed to persist for the entire 5 min 
(Yang et al., 2000). Total time spent chew-
ing was calculated as the time spent eating 
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plus the time spent ruminating. 
Statistical analysis: Data were analysed 

by MIXED procedure of SAS (2002) in a 
2 × 3 factorial arrangement. The mixed 
model included the fixed effects of AH, 
FO and their interaction and the random 
effect of animal. Least-square means were 
computed and tested for differences by the 
Tukey’s test. The effect of increasing lev-
el of FO in the diet was examined through 
linear and quadratic orthogonal contrasts 
using the CONTRAST statement of SAS. 
The individual animal was considered as 
experimental unit. The difference between 
least-squared means was considered to be 
significant at p< 0.05.

Results 

Performance: There was no interaction 
between AH and FO on DMI (Table 2). In-
clusion of FO at 2.1 % level reduced DMI 
(8.65, 8.52 and 7.90 kg/d respectively for 0, 
1 and 2.1 % of FO; p< 0.01) regardless of 
AH level. Treatments with higher propor-
tion of CS showed higher DMI (8.71 versus 
8.00 kg/d respectively for 10 and 20% of 
dietary AH; p< 0.01) regardless of FO sup-
plementation. There was no interaction be-
tween AH and FO on growth performance 
including ADG and feed conversion ratio 
(FCR). Lower dietary AH proportion caused 
numerically higher FCR (8.13 versus 7.43 
respectively for 10 and 20 % of dietary AH; 
p< 0.11) regardless of FO supplementation. 

Nutrient digestibility: There were no 
differences in apparent digestibility of DM, 
OM, NDF, ADF, CP, NFC and EE affected 
by AH proportion, FO supplementation and 
their interaction (Table 3). Highest level of 
FO caused numerically higher EE digest-
ibility (81.17, 80.98 and 87.76 % respec-

tively for 0, 1 and 2.1 % of FO) regardless 
of AH proportion.

Rumen fermentation: Rumen fermen-
tation parameters including total VFA, ace-
tate, propionate, butyrate and acetate propi-
onate ratio were not affected by interaction 
of AH proportion and FO supplementation 
(Table 4). There was an interaction of AH 
level and FO supplementation for rumen 
NH3-N concentration as addition of FO de-
creased rumen NH3-N concentration in a 
linear manner (p< 0.01) at lower proportion 
of AH, whereas NH3-N concentration in-
creased quadratically (p< 0.01) at higher AH 
proportion. The second level of FO caused 
lower ruminal NH3-N content (8.71, 6.45 
and 8.15 mg/dl respectively for 0, 1 and 2.1 
% of FO; p< 0.05) regardless of dietary AH 
proportion. Moreover, higher proportion of 
dietary AH caused higher ruminal NH3-N 
content (6.97 versus 8.57 mg/dl respective-
ly for 10 and 20% of dietary AH proportion; 
p< 0.05) regardless of FO supplementation. 
Second level of FO caused higher rumen pH 
(7.01, 7.40 and 7.15 respectively for 0, 1 and 
2.1 % of FO; p< 0.01) and acetate to propi-
onate ratio (3.19, 3.69 and 3.52 respectively 
for 0, 1 and 2.1 % of FO; p< 0.11) regard-
less of AH proportion, however, the differ-
ence was not statistically significant for ac-
etate to propionate ratio. Second level of FO 
caused lower protozoa number regardless of 
AH proportion, however the difference was 
not statistically significant (26.00, 15.25 
and 29.37 × 105/ml respectively for 0, 1 and 
2.1 % of FO; p< 0.06). 

Particle size distribution: Particle size 
distribution of CS, AH and TMR are pre-
sented in Table 5. The percentage of parti-
cles retained on top sieve (> 19 mm) was 
considerably higher in diets containing 
lower proportion of AH. The percentage of 
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particles retained on second (> 8.0 mm) and 
third sieves (> 1.18 mm) was higher in diets 
with lower AH proportion, however these 
differences were not statistically signifi-
cant. Diets with greater proportion of AH 
had higher percentage of particles retained 
on bottom. These differences in particle 
size distribution caused higher percentage 
of peNDF > 1.18 mm in diet with higher 

proportion of CS.
Chewing behaviour: Chewing be-

haviour including eating, ruminating and 
total chewing times were not affected by in-
teraction of AH proportion and FO supple-
mentation except for total rumination time 
(Table 6). In treatments with low AH level, 
FO supplementation increased total rumina-
tion time per day, whereas in high AH level, 

Zakariapour Bahnamiri, H.

Table 1. Ingredients and chemical composition of dietary treatments. FO: fish oil, AH: alfalfa hay, DM: dry matter, ME: 
metabolizable energy, CP: crude protein, NDF: neutral detergent fiber. 1. Each kg of vit and min premix contained: Ca 195 g; 
P 80 g; Mg 21 g; Na 50 g; Fe 3 g; Cu 0.3 g; Zn 0.3 g; Mn 22 g; I 0.12 g; Co 0.1 g; Se 0.02 g; vitamin A 600,000 IU; vitamin 
D 200,000 IU; vitamin E 200 IU.

10%AH 20%AH
%FO 0 1 2.1 0 1 2.1
Alfalfa hay 10 10 10 20 20 20
Corn silage 20 20 20 10 10 10
Barley grain 41 41 41 41 41 41
Wheat grain 2 1 0.5 5 3 0.5
Soybean meal 2 2 2 2 2 2
Canola meal 12 13 14 10 10 11
Beat pulp 5 5 5 5 5 5
Wheat bran 5 4 2 4 5 5
Zeolite 1 1 1 1 1 1
Calcium carbonate 0.5 0.55 0.68 0.4 0.5 0.62
Sodium bicarbonate 0.7 0.7 0.7 0.7 0.7 0.7
Vit and min premix1 0.7 0.7 0.7 0.7 0.7 0.7
Salt 0.2 0.2 0.2 0.2 0.2 0.2
Fish oil 0 1 2.1 0 1 2.1
Chemical composition
DM (%) 56 56 56 56 56 56
ME (Mcal/kg) 2.61 2.61 2.61 2.61 2.61 2.61
EE (% of DM) 3 4 5.1 3 4 5.1
CP (%) 15.5 15.5 15.5 15.5 15.5 15.5
NDF (%) 37 37 37 35 35 35

Table 2. Performance of Holstein young bulls fed different dietary fish oil level and alfalfa hay ratio. 1. AH, portion of alfalfa 
hay ratio; FO, effect of dietary fish oil level; AH×FO, fish oil × alfalfa hay interaction. FO: fish oil, AH: alfalfa hay, BW: body 
weight, ADG: average daily gain, DMI: dry matter intake, FCR: feed conversion ratio.

10%AH 20%AH p-value1
%FO 0 1 2.1 0 1 2.1 SEM AH FO AH×FO FOL FOQ
Initial BW 340 338 348 342 341 338 17.3 0.35 0.41 0.30 0.93 0.44
Final BW 448 447 452 447 447 436 5.2 0.19 0.70 0.26 0.89 0.74
ADG, kg/d 1.14 1.15 1.17 1.15 1.14 1.09 0.07 0.83 0.97 0.73 0.97 0.87
DMI, kg/d 9.15 8.70 8.29 8.16 8.34 7.51 0.25 0.01 0.01 0.45 0.61 0.26
FCR, kg/kg 8.71 8.34 7.34 7.63 7.60 7.07 0.48 0.11 0.18 0.76 0.69 0.53
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supplementation of FO reduced total rumi-
nation time per day (p< 0.04). The second 
level of FO caused lower total chewing ac-
tivity (476.83, 432.92 and 468.12 min per 
day respectively for 0, 1 and 2.1 % of FO; 
p< 0.07), chewing activity per kg of DM in-
take (55.26, 48.78 and 57.53 min per kg of 
DM intake respectively for 0, 1 and 2.1 % 
of FO; p< 0.01) and chewing activity per kg 
of peNDF > 1.18 intake (209.62, 187.67 and 
221.05 min per kg of peNDF intake respec-
tively for 0, 1 and 2.1 % of FO; p< 0.01) re-
gardless of AH proportion. Treatments with 
lower AH proportion showed higher total 
chewing activity (483.54 versus 435.04 
min per day respectively for low and high 
AH proportion; p< 0.01) and lower chew-

ing activity per kg of peNDF > 1.18 intake 
(198.19 versus 214.04 min per kg of peNDF 
> 1.18 intake respectively for low and high 
AH proportion; p< 0.07) regardless of FO 
supplementation. Moreover, total eating 
time (152.52, 132.19 and 136.88 min per 
day respectively for 0, 1 and 2.1 % of FO; 
p< 0.01), eating time per kg of DM intake 
(18.26, 15.00 and 16.86 min per kg of DM 
intake respectively for 0, 1 and 2.1 % of FO 
; p< 0.01) and eating time per kg of peNDF 
> 1.18 intake (69.33, 57.82 and 65.16 min 
per kg of peNDF > 1.18 intake respective-
ly for 0, 1 and 2.1 % of FO; p< 0.05) were 
decreased in a linear and quadratic manner 
in response to FO supplementation regard-
less of AH proportion. Eating times per kg 
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Table 3. Apparent nutrient digestibility of Holstein young bulls fed different dietary fish oil level and alfalfa hay ratio. 1. AH, 
portion of alfalfa hay ratio; FO, effect of dietary fish oil level; AH × FO, fish oil × alfalfa hay interaction. FO: fish oil, AH: 
alfalfa hay, DM: dry matter, OM: organic matter, NDF: neutral detergent fiber, ADF: acid detergent fiber, CP: crude protein, 
NFC: non-fiber carbohydrate, EE: ether extract. 2. NFC= 1000 - (NDF g/kg + CP g/kg + ether extract g/kg + ash g/kg).

10% AH 20% AH p-value1
%FO 0 1 2.1 0 1 2.1 SEM AH FO AH×FO FOL FOQ
DM 87.17 85.57 86.85 88.74 86.00 87.02 2.04 0.67 0.54 0.93 0.27 0.34
OM 77.42 74.74 78.25 79.53 76.28 78.02 4.32 0.71 0.67 0.95 0.41 0.39
NDF 63.38 58.75 62.76 61.90 57.12 60.65 4.30 0.63 0.50 0.99 0.26 0.26
ADF 49.85 47.14 52.24 55.90 44.65 52.81 6.25 0.79 0.46 0.78 0.26 0.22
CP 77.65 72.94 79.09 77.88 74.53 79.12 3.41 0.83 0.28 0.96 0.23 0.12
NFC2 86.59 86.82 88.02 90.32 89.69 86.95 2.80 0.43 0.94 0.69 0.94 0.90
EE 86.30 79.98 88.12 76.03 81.97 87.41 3.06 0.24 0.07 0.11 0.94 0.19

Table 4. Rumen fermentation parameters of Holstein young bulls fed different dietary fish oil level and alfalfa hay ratio. 1. 
AH, portion of alfalfa hay ratio; FO, effect of dietary fish oil level; AH×FO, fish oil × alfalfa hay interaction. FO: fish oil, AH: 
alfalfa hay, VFA: volatile fatty acids, A/P: acetate to propionate ratio.

10% AH 20% AH p-value1
%FO 0 1 2.1 0 1 2.1 SEM AH FO AH×FO FOL FOQ
pH 7.04 7.41 7.21 6.97 7.40 7.09 0.08 0.33 0.01 0.76 0.01 0.01
NH3-N (mg/dl) 8.10 6.62 6.18 9.31 6.29 10.12 0.80 0.03 0.03 0.06 0.01 0.01
Acetate (mmol/dl) 60.32 62.85 57.91 56.75 59.52 59.95 4.13 0.63 0.80 0.73 0.53 0.51
Propionate (mmol/dl) 19.47 17.39 16.51 18.09 16.52 17.51 1.51 0.73 0.40 0.70 0.25 0.49
Butyrate (mmol/dl) 8.63 8.87 8.44 10.34 7.78 9.31 1.41 0.67 0.73 0.62 0.43 0.50
Total VFA (mmol/dl) 88.43 89.12 82.88 85.18 83.83 86.78 5.82 0.74 0.93 0.70 0.95 0.90
A/P 3.21 3.61 3.58 3.17 3.77 3.45 0.22 0.99 0.11 0.81 0.04 0.11
Protozoa, × 105/ml 23.25 15.50 29.75 28.75 15 29 5.79 0.76 0.06 0.83 0.08 0.02
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of DM intake (15.83 versus 17.58 min per 
kg of DM intake respectively for 10 and 
20% of dietary AH; p< 0.05) and peNDF 
> 1.18 intake (57.89 versus 70.32 min per 
kg of peNDF > 1.18 intake respectively for 
10 and 20% of dietary AH; p< 0.01) were 
higher in treatments with higher propor-
tion of AH regardless of FO supplementa-
tion. Rumination times per kg of DM intake 
(37.00, 33.78 and 40.57 min per kg of DM 
intake respectively for 0, 1 and 2.1% of FO; 
p< 0.01) and peNDF > 1.18 intake (140.29, 
129.85 and 155.88 min per kg of peNDF > 
1.18 intake respectively for 0, 1 and 2.1% 

of FO; p< 0.01) were increased quadrati-
cally with addition of FO regardless of AH 
proportion. The total rumination time per 
day was significantly higher in treatments 
with lower proportion of AH (342.17 versus 
294.82 min per day respectively for 10 and 
20% of dietary AH; p< 0.01) regardless of 
FO supplementation.

Discussion

Performance: Reduced DMI as a conse-
quence of FO supplementation is in agree-
ment with Wistuba et al. (2006) and Aliza-

Zakariapour Bahnamiri, H.

Table 5. Particle size distribution (% of total particles) and effective NDF content of alfalfa hay, CS, and TMR measured us-
ing the Penn State Particle Separator (PSPS). 1. AH, portion of alfalfa hay ratio; FO, effect of dietary fish oil level; AH×FO, 
fish oil × alfalfa hay interaction. FO: fish oil, AH: alfalfa hay, peNDF: physically effective neutral detergent fiber.

10% AH 20% AH p-value1
%FO 0 1 2.1 0 1 2.1 Alfalfa hay Corn silage SEM AH FO AH×FO
>19 mm 6.23 6.16 6.36 4.90 5.03 4.73 6.53 34.76 0.30 0.01 0.98 0.71
19.0-8.0 mm 15.46 15.13 14.53 15.73 15.23 15.76 28.43 56.40 0.31 0.05 0.31 0.18
8.0-1.18 mm 54.23 54.13 54.33 52.33 53.46 51.43 47.36 8.28 1.12 0.07 0.72 0.62
<1.18 mm 24.06 24.56 24.43 26.70 26.30 27.40 17.63 0.21 0.99 0.01 0.84 0.81
peNDF>1.18 mm 0.28 0.27 0.27 0.25 0.25 0.25 0.40 0.56 0.003 0.01 0.58 0.72

Table 6. Chewing behaviour of Holstein young bulls fed different dietary fish oil level and alfalfa hay ratio. 1. AH, portion 
of alfalfa hay ratio; FO, effect of dietary fish oil level; AH×FO, fish oil × alfalfa hay interaction. FO: fish oil, AH: alfalfa hay, 
peNDF: physically effective neutral detergent fiber. DMI: dry matter intake.

10% AH 20% AH p-value1
%FO 0 1 2.1 0 1 2.1 SEM AH FO AH×FO FOL FOQ
Chewing time
Min/day 477.29 461.46 511.88 476.36 404.38 424.37 20.12 0.01 0.07 0.10 0.03 0.02
Min/kg DMI 53.33 50.49 58.62 57.19 47.08 56.24 2.16 0.77 0.01 0.37 0.02 0.01
Min/kg peNDF>1.18 
intake

190.47 187.0 217.11 228.77 188.35 224.99 10.62 0.07 0.01 0.18 0.04 0.01

Eating time
Min/day 152.08 135.63 134.79 152.95 128.75 138.96 6.64 0.91 0.01 0.69 0.01 0.03
Min/kg DMI 17.29 14.84 15.37 19.22 15.16 18.35 1.09 0.05 0.01 0.47 0.01 0.01
Min/kg peNDF>1.18 
intake

61.78 54.97 56.93 76.88 60.66 73.40 4.25 0.01 0.02 0.38 0.01 0.01

Rumination time
min/day 325.21 325.83 377.08 323.41 275.63 285.42 17.68 0.01 0.19 0.04 0.18 0.07
Min/kg DMI 36.03 35.64 43.24 37.97 31.91 37.89 2.19 0.18 0.01 0.22 0.14 0.01
Min/kg peNDF>1.18 
intake

128.69 132.02 160.18 151.88 127.68 151.59 8.43 0.62 0.01 0.13 0.22 0.01
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deh et al. (2012) who reported lowered DMI 
in response to FO supplementation in the 
diet of steers and dairy cows respectively. 
Dietary lipid (> 8 %) has been reported to 
affect DMI detrimentally due to negative 
effects of lipids, especially PUFA on rumen 
microbial activity (Nawaz and Ali, 2016). 
Moreover, depressed DMI in response to fat 
supplementation might be mediated through 
changes in chemical mediators such as cho-
lecystokinin, glucagon-like peptide-1 and/
or intestinal peptides (Martínez Marín et al., 
2013). In the present study, reduction in DMI 
in response to FO supplementation can be 
related to its palatability rather than its del-
eterious effects on rumen fermentation and 
nutrients digestion as none of these param-
eters were affected by FO supplementation 
which is in agreement with (Kadkhoday et 
al., 2017). Higher DMI in treatments with 
higher proportion of CS in current study is 
in agreement with Kowsar et al. (2008) who 
reported increased DMI when AH was par-
tially replaced by CS. The deleterious effect 
of fat supplementation on DMI has been 
reported to be more when CS is the main 
forage source of the diet (Martínez Marín et 
al., 2013) which is not in accordance with 
current study. Higher DMI in treatments 
with higher CS proportion in current study 
can be attributed to higher moisture and pal-
atability of diets containing CS (Kowsar et 
al., 2008). In current study, although water 
was added exactly before offering TMR 
to equalize the dietary DM content among 
treatments, it was absorbed to the surface 
of the particles and was not that effective  
for maintaining the uniformity of diets con-
taining higher proportion of AH. On the 
other hand, Onetti et al. (2004) eliminated 
the decline in DMI of dairy cow fed tallow 
supplemented diet through replacing CS 

with AH. Moreover, by increasing the alfal-
fa silage: CS ratio, Onetti et al. (2002) was 
successful to alleviate the detrimental effect 
of tallow supplementation on DMI of dairy 
cows. These differences in response seems 
to originate from the shape and quality of 
the AH they used in their study. In current 
study, the decreased DMI without affect-
ing the growth performance and FCR is in 
agreement with Wistuba et al. (2006), how-
ever, numerically improved FCR in treat-
ments with higher proportion of AH can be 
related to the fact that higher proportion of 
AH decreased DMI without adverse effect 
on final BW and ADG. The results indicate 
that increasing FO level in a high concen-
trate diet has limited effects on improving 
growth rate and feed efficiency.

Nutrient digestibility: In the study of 
Kowsar et al. (2008), digestibility of DM, 
OM and ADF decreased as AH was replaced 
by CS in fat supplemented diet of dairy cow, 
however digestibility of NDF and CP was 
not affected. They related this depression to 
higher consumption and lower chewing ac-
tivity per kg of peNDF > 1.18 in diet with 
higher proportion of CS. Salem et al. (1993) 
reported a reduction in fiber digestion when 
rapeseed oil (7% of dietary DM) was sup-
plemented to CS-based diet, whereas this 
depression was not observed in hay-based 
diet. In present study, although diets with 
higher proportion of CS increased DMI, 
these diets also increased total chewing and 
rumination activity compared to the diets 
with higher AH level. Hence, there was no 
difference in rumination times per kg of DM 
and peNDF > 1.18 intake between treat-
ments with low and high AH proportion. In 
addition, the level of fat supplementation in 
current study was far lower than those stud-
ies (Salem et al., 1993; Mach et al., 2006) 
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which reported depressed fiber digestion in 
response to fat supplementation. The nu-
merical enhancement in EE digestibility in 
response to enhancement in level of FO is 
in agreement with the study of Pirondini et 
al. (2015) in which FO supplementation in 
dairy cows ration increased EE digestibil-
ity. They attributed higher EE digestibility 
of FO supplemented diets to almost com-
plete digestion of FO lipids. Moreover, it 
has been reported that total EE digestibili-
ty increases by enhancement in level of fat 
supplementation (Patra, 2013).

Rumen fermentation parameters: Re-
duced rumen NH3-N concentration in sec-
ond level of FO is in agreement with Bhatt 
et al. (2011) who reported lowered NH3-N 
concentration in rumen fluid of lambs in re-
sponse to fat supplementation. The deleteri-
ous effect of fat supplementation on rumen 
NH3-N content has been reported to be re-
lated to decreased number of protozoa and 
depressed recycling of ruminal microbial ni-
trogen (Onetti et al., 2001). In current study, 
the lowered NH3-N content in second level 
of FO coincided with lowered number of 
protozoa which is in agreement with (Bhatt 
et al., 2011). There is no clear explanation 
for lowered rumen NH3-N content and pro-
tozoa number in second but not third level 
of FO. Lowered DMI and possibly lowered 
passage rate in third but not second level of 
FO can be the likely explanation for lack of 
reduction in NH3-N content and protozoa 
number in third level of FO. Higher rumen 
NH3-N content in treatments with higher 
proportion of AH might be related to high-
er protein and non-protein nitrogen (NPN) 
content of AH comparing to CS. Replacing 
CS by alfalfa silage has been reported to in-
crease the concentration of rumen NH3-N 
in fat supplemented diet of dairy cow which 

was attributed to high NPN content of al-
falfa silage and extensive ruminal degrada-
tion of its protein (Onetti et al., 2002). The 
lowered rumen NH3-N content in response 
to FO supplementation in treatments with 
higher CS but not AH proportion can be re-
lated to lower NPN content of CS compared 
to AH and also higher coating effects of FO 
on CS compared to AH (Smith et al., 1993). 
Mach et al. (2006) reported a significant de-
cline in ruminal VFA concentration and en-
hancement in rumen pH when whole canola 
and linseed (5, 8 and 11 % of dietary DM) 
were supplemented to Holstein bulls diet 
which was attributed to reduction in dietary 
NFC content as a result of fat supplemen-
tation. In current study, although there was 
no difference in VFAs concentration among 
dietary treatments, higher rumen pH in FO 
supplemented diets is in accordance with 
numerically higher acetate to propionate ra-
tio in these treatments. Kowsar et al. (2008) 
observed no difference in molar concentra-
tion of VFAs among treatments with vari-
ous proportion of AH and CS supplemented 
by fat, whereas Onetti et al. (2002) reported 
increased ruminal VFA production through 
replacing CS with AH and this replace-
ment increased and decreased, respectively, 
the concentrations of acetate and propio-
nate which subsequently increased acetate 
to propionate ratio. Kowsar et al. (2008) 
reported a linear increase in rumen pH 
through enhancement in dietary proportion 
of CS compared to AH, which was attribut-
ed to higher chewing activity as a result of 
higher peNDF intake and subsequently a 
stabilized rumen environment in treatments 
with higher proportion of CS. In present 
study, the reasons why these parameters 
were not affected by dietary treatment can 
be due to lower level of fat supplementation 
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and lower dietary forage percentage (30 %). 
The decreased protozoa number in second 
level of FO in current study is in agreement 
with Bhatt et al. (2011) who supplemented 
coconut oil in lambs diet, however, Kirovs-
ki et al. (2015) reported enhanced protozoa 
number as dairy cows received diets sup-
plemented with palm oil and Messana et 
al. (2012) observed no change in protozoa 
count as a consequence of enhancement in 
lipid content of bulls diet. In addition to fat 
supplementation, the level of DMI seems to 
be a prerequisite for protozoa number to be 
influenced. In current study, lowered DMI 
can be a possible explanation for higher 
protozoa number in higher level of FO as 
lower DMI decreases passage rate which 
can lead to higher persistency of protozoa 
in the rumen.

Chewing behaviour: The lowered total 
chewing activity, chewing activity per kg 
of DM and peNDF intake in second lev-
el of FO are in agreement with Onetti et 
al. (2004) who reported increased time for 
chewing and rumination per kg of DM in-
take and rumination per kg of NDF intake 
when tallow was supplemented dairy cows 
diet. The lowered total eating time and eat-
ing times per kg of DM and peNDF in re-
sponse to FO supplementation in current 
study are not in agreement with the study of 
Kargar et al. (2010) in which eating rate was 
lowered in dairy cows fed diet supplement-
ed with yellow grease. The reduction in eat-
ing times per kg of DM and peNDF intake 
in addition to reduction in total eating time 
demonstrates that the relative reduction in 
total eating time was more than reduction 
in DMI in response to FO supplementation. 
This implies that despite the lowered DMI 
as a consequence of FO supplementation, 
bulls tried to consume in higher rate, pos-

sibly to fulfil their requirement. Increased 
rumination time per kg of DM and peNDF 
> 1.18 intake as a consequence of FO sup-
plementation can be related to coating ef-
fect of supplemented fat on particles as fat 
supplementation has been reported to low-
er fiber digestion (Nawaz and Ali, 2016) 
and depressed fiber digestion may decrease 
the rate of reduction in particle size during 
chewing activity through decreasing tissue 
fragility (Harvatine and Allen, 2006), hence 
more rumination would be required (Onet-
ti et al., 2004). Smith et al. (1993) reported 
that ruminal fermentation is inhibited more 
when fat is supplemented to CS based com-
pared to AH based diets due to more ac-
cessibility of CS to coating effect of lipid. 
Hence, higher total rumination time in re-
sponse to FO supplementation in treatments 
with high CS proportion in current study 
was in fact a strategy to overcome this lim-
itation and can be beneficial in preventing 
depression in fiber digestibility. Moreover, 
increased chewing time per kg of peNDF > 
1.18 intake in diets with higher proportion 
of AH can be explained by higher eating 
time per kg of peNDF > 1.18 intake prob-
ably due to lower palatability of AH com-
pared to CS containing diets. Lower eating 
times per kg of DM and peNDF > 1.18 in-
take in treatments with higher proportion 
of CS is in agreement with Kowsar et al.’s 
study (2008) in which replacing AH with 
CS increased total eating time and reduced 
eating time per kg of physically effective fi-
ber (PEF) intake, however eating time per 
kg of DM intake was not affected. In their 
study, higher rate of eating for diet contain-
ing higher proportion of CS was attributed 
to more palatability of CS comparing to AH 
and also the particle size of AH. In pres-
ent study, although treatments with higher 
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proportion of CS provided more peNDF > 
1.18, eating time per kg of DM and peNDF 
> 1.18 intake was lower in diets with higher 
proportion of CS which verifies the higher 
palatability of CS containing diets. Reduced 
total chewing time in treatments with higher 
AH proportion might be due to reduction in 
total rumination time as total eating time did 
not show any difference between low and 
high AH containing treatments. The lack 
of difference in total eating time between 
treatments with low and high AH propor-
tion despite higher eating times per kg of 
DM and peNDF > 1.18 intake in treatments 
with high AH proportion can be related to 
reduced DMI due to lower palatability in 
diets containing high AH proportion. The 
enhanced chewing time per kg of peNDF > 
1.18 intake in treatments with higher pro-
portion of AH was due to enhanced eating 
time per kg of peNDF > 1.18 as there was 
no difference in rumination time per kg of 
peNDF > 1.18 between treatments with low 
and high AH proportion. 

Conclusion: Increasing substitution of 
AH for CS from 10 to 20% and increas-
ing FO supplementation up to 2.1% of di-
etary DM in finishing diets decreased DMI 
but did not affect growth performance and 
feed efficiency. As inclusion of CS to diet 
reduced time of eating per kg of DM and 
peNDF >1.18 intake and also diets with 
higher proportion of CS showed higher 
DMI, CS can be used in fat supplement-
ed diets to alleviate the likely reduction in 
DMI. Moreover, since higher proportion 
of CS in diet increased total time of rumi-
nation, using CS in fat supplemented diets 
can prevent the likely deleterious effects of 
fat supplementation on rumen fermentation 
and nutrient digestibility.
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اثر مکمل کردن روغن ماهی و نوع علوفه بر عملکرد، تخمیر شکمبه ای، هضم مواد 
مغذی و رفتار جویدن گوساله های نر هلشتاین
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 چکیده 
زمینه مطالعه: مکمل کردن چربی در جیره نشخوارکنندگان اغلب دارای اثرات منفی بر مصرف ماده خشک، تخمیر شکمبه ای و 
قابلیت هضم مواد مغذی می باشد. ترکیب جیره پایه یکی از عوامل تعیین کننده غیر قابل انکار در پاسخ نشخوارکنندگان شامل عملکرد، 
رفتار جویدن و قابلیت هضم مواد مغذی به مکمل کردن چربی به جیره می باشد. هدف: مطالعه حاضر به منظور بررسی اثر مکمل کردن 
روغن ماهی به جیره های با نسبت های متفاوت ذرت سیلو شده و یونجه خشک بر عملکرد، تخمیر شکمبه ای، قابلیت هضم مواد مغذی 
و رفتار جویدن گوساله های نر هلشتاین بوده است. روش کار: تعداد 36 راس گوساله نر هلشتاین در قالب یک طرح فاکتوریل 2 × 3 با 2 
سطح علوفه یونجه )10 و 20 % ماده خشک جیره( و 3 سطح مکمل روغن ماهی )0، 1 و 2.1 % ماده خشک جیره( مورد استفاده قرار 
گرفت. گوساله ها جیره کاماًل مخلوط حاوی 30 % علوفه )نسبت های متغییر 10 و 20 % علوفه خشک یونجه و ذرت سیلو شده( و %70 
کنسانتره بر پایه جو )بر اساس ماده خشک( را دریافت کردند. طول مدت آزمایش 90 روز بود. نتایج: مصرف ماده خشک تحت تأثیر اثر 
متقابل نسبت یونجه خشک و مکمل روغن ماهی قرار نگرفت. نسبت باالتر ذرت سیلو شده در جیره صرف نظر از سطح مکمل روغن 
ماهی باعث افزایش ماده خشک مصرفی شد )8/71 در برابر kg 8/00  در روز به ترتیب برای تیمارهای با سطوح پایین و باالی یونجه 
خشک در جیره: p<0.01 (. باالترین سطح روغن ماهی باعث کاهش ماده خشک مصرفی صرف نظر از نسبت یونجه خشک در جیره 
شد )kg 8/65، 8/52 و 7/90 در روز به ترتیب برای سطوح 0، 1 و 2/1 % روغن ماهی در جیره: p<0.01(. تخمیر شکمبه ای و قابلیت 
 peNDF هضم مواد مغذی تحت تأثیر تیمارهای تغذیه ای قرار نگرفتند. زمان های نشخوار به ازای کیلوگرم ماده خشک و کیلوگرم
< 1.18 در پاسخ به مکمل کردن روغن ماهی و صرف نظر از نسبت یونجه خشک در جیره افزایش یافتند ) p<0.01(. نسبت باالی 
یونجه خشک در جیره باعث کاهش کل زمان جویدن و کل زمان نشخوار در روز ) p<0.01(، افزایش زمان جویدن به ازای کیلوگرم 
peNDF < 1.18 مصرفی و زمان خوردن به ازای کیلوگرم ماده خشــک و کیلوگرم peNDF < 1.18 مصرفی ) p<0.01( صرف 
نظر از سطح مکمل روفن ماهر در جیره شد. نتیجه گیری نهایی: نتایج مطالعه حاضر نشان می دهد که یونجه خشک می تواند به منظور 
جلوگیری از کاهش در ماده خشک مصرفی و همچنین تحریک فعالیت جویدن در شرایطی که چربی به جیره مکمل می شود، توسط 

ذرت سیلو شده جایگزین گردد.
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