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  INTRODUCTION 
Preservation of alfalfa as silage is becoming convenient due 
to the ease of mechanization and reduced susceptibility to 
weather damage (Khadem et al. 2009). Calberry et al. 
(2003); Bhandari et al. (2008) and Khadem et al. (2009) 
reported that cows fed on ration containing chopped alfalfa 
hay had lower intake than those fed on a diet containing 
chopped alfalfa silage. But similar milk yield and composi-
tion (Calberry et al. 2003; Khadem et al. 2009). There are 
reports that reduction in dietary particle size (PS) decreases 
milk fat percentage (MF), chewing activity, acetic acid and 
rumen pH (Teimouri et al. 2004; Bhandari et al. 2008; 
Beauchemin et al. 2008; Khadem et al. 2009). Particle size 

reduction can leads to an increase in consumption due to an 
enhancement in the passage rate and bites taken (Calberry 
et al. 2003; Teimouri et al. 2004; Bhandari et al. 2008). 
Boerman and Lock (2014) also showed that adding fat in 
diet has not negative affect on dry matter intake (DMI), 
milk yield (MY), milk composition, blood metabolite and 
ruminal parameters. Schroeder et al. (2002) indicated that 
adding fat to the diet reduce C18:2 and C18:3 amounts, but 
C18:1 and C18:0 remain unchanged. Onetti et al. (2004) 
illustrated that supplementing tallow has negative effects on 
dry matter intake, milk yield, milk fat, rumen fermentation 
and C18:3 in milk of high producing dairy cows in mid-
lactation. Therefore, our hypothesis was that decreasing 
alfalfa silage particle length and fat supplementation to 

 

The aim of this study was to evaluate the effect of fat supplementation for enhancing milk conjugated li-
noleic acid (CLA) in early lactation without affecting ruminal fermentation. 24 Holstein dairy cows were 
assigned to a completely randomized design employing a 2 × 4 factorial arrangement. Factors were particle 
size (15 and 25 mm) and two different sources of alfalfa supplemented with and without fat (alfalfa hay; 
alfalfa hay plus 3% fat; alfalfa silage and alfalfa silag  plus 3% fate ). The results indicated that fat supple-
mentation had no effect on body condition score, milk yield, feeding behaviour and C18 fatty acids profile 
of milk. Alfalfa silage with fat increased significantly the amount of C18:1 and C18:2 in rumen and milk 
compared to alfalfa hay with fat. Particle size had no effect on milk yield, C18 fatty acids of milk, ruminal 
NH -N and butyrate in the rumen3 . Dry matter intake, milk fat and acetic acid declined with fat supplemen-
tation. Dietary alfalfa silage had significant effect on dry matter intake, milk fat, ruminating time and rumen 
fermentation. Feeding behaviour decreased with reducing particle size. Results revealed that alfalfa silage 
with fat increased milk yield enhanced CLA in milk improved blood and ruminal metabolite and main-
tained higher body weight in Holstein dairy cows.  
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dairy cow rations would depress ruminal pH, which in turn, 
would reduce ruminal fatty acids biohydrogenation, thus 
potentially increasing unsaturated fatty acids flow to the 
small intestine and their incorporation into milk fat.  

 

  MATERIALS AND METHODS 
Alfalfa hay and silage 
Alfala hay during second cut was harvested having 190 g 
dry matter per kg of fresh matter. The regional humidity 
was 30% and there was no rainfall during the harvest. The 
forages were field-wilted for 12 h to reach at about 300 
g/kg dry matter content before ensiling. The rest of the crop 
was kept on the farm for 72 h before being baled and stored 
as alfalfa hay (AH). Before storage, both the hay and silage 
forms of alfalfa forage were chopped at 15 mm and 25 mm 
sizes using a chopper (Jaguar 62, Germany). Molasses was 
added to the alfalfa during silage making in trench silos and 
ensiled for 60 days. Samples of hay and silage forms of 
alfalfa were collected and stored at -20 ˚C for chemical 
analysis. Fat was added to their respective concentrates 
prior to addition of forages, followed by thorough mixing. 
  
Animals, diets and experimental design 
Twenty four multiparous Holstein dairy cows in early lacta-
tion period from Shaghayegh-Dam Company with average 
body weight and milk yield of 550 ± 24 kg and 38.5 ± 0.90 
kg were used in this study. Animals were managed accord-
ing to the guideline set by the Canadian Council on the 
Animal Care (NRC, 2001). Cows were housed in individual 
tie stalls except when being milked in the milking parlor. 
This experiment was conducted in 2 × 4 factorial arrange-
ments by completely randomized design for 100 days. Fac-
tors were particle size (15 and 25 mm) and two different 
sources of alfalfa supplemented with and without fat (al-
falfa hay; alfalfa hay plus 3% fat; alfalfa silage and alfalfa 
silage plus 3% fat).  

The diets were offered as a total mixed ration three times 
daily at 05:00, 13:00 and 21:00 h and residue from the pre-
vious feeding was collected and subtracted from the amount 
fed. The amount of feed offered was adjusted daily to ob-
tain approximately 5-10% residue on as fed basis. Cows 
were milked three times a day at 04:00, 12:00 and 20:00 h 
and had free access to fresh water (Table, 1). 
  
Data collection 
The concentrate-to-forage ratio in the diets was 55:45 on 
dry matter basis. Feed samples were collected weekly dur-
ing the experimental period, dried at 60 ˚C for 48 h, ground 
to pass through a one mm screen. The crude protein content 
was determining by micro-Kjeldahl analysis (AOAC, 
2002).  

Neutral detergent fiber was determined using α-amylase, 
acid detergent fiber, sodium sulphite and corrected for ash 
concentration according to Van Soest et al. (1991). 

Fatty acids were determined after the procedure de-
scribed by Schroeder et al. (2002) after extracting fat from 
the samples. Daily milk yield of each cow was recorded and 
then daily energy corrected milk (ECM) was calculated 
[ECM (kg/d)= (0.327×milk yield, kg)+(12.96×milk fat, kg) 
+ (7.2×milk protein, kg)]. Milk samples were collected 
from three consecutive milking times each day and divided 
in two parts. The first part was preserve in bronopol and 
stored at 4 ˚C before analysing for milk fat (MF), milk pro-
tein, somatic cell count and milk urea nitrogen (MUN) con-
centrations by a Foss Milk-o-Scan FT 5000 (at the PAK 
dairy co., Iran). A second part was stored at -20 ˚C until 
analysis of conjugated linoleic acid (CLA). Before lipid 
extraction, milk samples were thawed in water at 36 ˚C for 
30 min. Lipids extracted and methylated following the pro-
cedure described by Chouinard et al. (1997). CLA was de-
termined using a gas chromatograph (Shimadzu Co., Japan) 
equipped with a 100-m CP-Sil-88 capillary column and a 
flame ionization detector.  

The body weight of cows was recorded in 20-day inter-
vals prior the morning feeding. Body condition scores 
(BCS) recorded at weighing on a scale of 1 (thin) to 5 (fat) 
in increments of 0.25 (Harvatine and Allen, 2005). Feeding 
behaviour, including the total time spent eating, ruminating 
and resting was monitored and recorded for each cow in 5-
min intervals using a chronometer (Khadem et al. 2009). 
Feeding behaviour measurements was conducted for 24 h 
periods on days 19, 38, 57, 76 and 95 of the data collection 
period. The average daily total chewing time (min/day) was 
also calculated by adding the daily eating and ruminating 
times of each cow. 

Rumen fluid was taken (about 200 mL) from each cow 
three hours after morning feedings at 20-days intervals, 
using a Geishauser oral probe. Samples were then strained 
with two layers of cheese cloth and the pH was measured 
immediately using a pH meter. Five mL of the strained ru-
men fluid samples was taken and stored at -20 ˚C after the 
addition of 1 mL 25% metaphosphoric acid solution for 
volatile fatty acids (VFA) analysis. 10 mL samples were 
also taken and stored at -20 ˚C for measuring ruminal NH3-
N. For the VFA measurement of rumen fluid, frozen sam-
ples were thawed at room temperature and centrifuged at 
6000 g for 10 min.  

The VFA were determined by gas chromatograph 
(0.25×0.32, 0.3 μm i.d. fused silica capillary, model no. CP-
9002 Vulcanusweg 259 a.m., Chrompack, Delft, the Neth-
erlands) as outlined by Kowsar et al. (2008). NH3-N was 
measured by the colorimetric phenol-hypochlorite method 
of Broderick and Kang (1980).  

301-293, )2(6) 6201(Animal Science Applied  ofIranian Journal   294 



Sharifi et al. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In addition, for measuring of CLA in rumen fluid, lipids 

in culture solutions were extracted using Folch’s solution 
(Folch et al. 1957) and samples obtained were analyzed 
with a gas chromatograph. 

For blood urea nitrogen (BUN), blood samples (20 mL) 
were collected from the tail vein of cows at 20-days inter-
vals using evacuated tubes containing ethylenediamine-
tetraacetic acid (EDTA). The samples were kept in ice until 
centrifuged at 1000 × g for 20 min. Plasma was separated 
and stored frozen in plastic tubes at -20 ˚C until further 
analysis. The plasma urea concentration was determined 
using the method described by Khadem et al. (2009). 
Moreover, non-esterified fatty acid was analyzing accord-
ing to Wako NEFA C kit no. 990-75401. (Wako, USA) as 
modified by Johnson and Peters (1993). 

 
Statistical analyses 
Statistical analysis was performed as repeated measures 
data using the MIXED PROC model of SAS software 
(SAS, 2004). The model included the fixed effects of treat-
ment, PS and their interaction. Cow and period were con-
sidering as random effects. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Ingredients and chemical composition of the treatments

 (Un) supplemented forage1  
Ingredient (g/kg of dry matter) 

AH AHF AS ASF 

Alfalfa hay 210 210 - - 

Alfalfa silage  - - 210 210 

Corn silage  210 210 210 210 

Barley straw  30 30 30 30 

Barley grain, ground  155.5 100 155.5 100 

Corn grain, ground 101.5 140.5 101.5 140.5 

Wheat bran  34.6 34.6 34.6 34.6 

Canola meal  137.6 120 137.6 120 

Unsaturated fatty acids - 30 - 30 

Sugar beet pulp  69.2 69.2 69.2 69.2 

Salt  8.6 8.6 8.6 8.6 

Sodium bicarbonate  8.8 8.8 8.8 8.8 

CaCl2.2H2O 8.8 8.8 8.8 8.8 

Minerals and vitamin2 25.4 25.4 25.4 25.4 

Chemical composition (g/kg of dry matter)     

Dry matter (DM) 660 660 530 530 

Total digestion nutrient (TDN)3 650 660 630 660 

Crude protein (CP) 163 157 163 157 

Neutral detergent fiber (NDF) 359 360 361 361 

None fiber carbohydrate (NFC)4 400 380 400 380 

Net energy for lactation (NEL)5 1.57 1.63 1.53 1.61 

Fatty acid g/100 g of total fat     

C18:0 4.5 8.3 3.3 7.4 

C18:1 14.1 18.2 19.2 23.2 

C18:2 25.7 37.1 29.3 40.3 

C18:3 8.9 11.1 10.1 12.4 
1 AH: diet with alfalfa hay; AHF: diet with alfalfa hay + 3% of fat; AS: diet with alfalfa silage and ASF: diet with alfalfa silage + 3% of fat. 
2 Mineral composition (mg/kg): Ca: 195000; P: 90000; Mg: 20000; Na: 55000; Cu: 280; Zn: 3000; Mn: 2000; I: 100; Co: 100; Se: 1.  
Vitamin composition (IU/kg): vitamin A: 600000; vitamin D3: 120000 and vitamin E: 1300. 
3 Calculated based on the NRC (2001), as: TDN (%)= td NFC + td CP + (td FA×2.25) + td NDF – 7. 
4 Calculated based on the NRC (2001), as: NFC= 100 – (Fat %+NDF %+Cp %+Ash %). 
5 Estimated based on the equation given by Mertens (1987), as: NEL (Mcal/kg DM)= 2.323 - 0.0216 × percent of NDF. 

The covariance structure used to best fit the model was 
selecting based on the Akaike’s Information Criterion of 
the mixed models of SAS (Littell et al. 1998). The GLM 
PROC was used when it was necessary. Results have pre-
sented as least square means and statistical differences were 
considering significant at (P<0.05). 
 

  RESULTS AND DISCUSSION 
Body weight change, body condition score, dry matter 
intake and milk yield 
The body weight changes (BWC) and body condition scor-
e (BCS) of animal have shown in Table 2. The body weight 
of all the cows were lowered during the experimental pe-
riod.  

There were significant differences for BWC of cows 
among experimental diets. The daily rate of body weight 
loss was higher in AH and lower in diet with alfalfa silage 
+ fat (ASF) group cows and the differences were significant 
(P<0.05). Similarly final BCS of the cows was affected by 
the diets. Silage form of the alfalfa resulted to higher BCS 
of animals compared with the hay (P<0.05).  
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Particle size also affected BWC and loss was higher 

(P<0.05) with 25 mm particle size diets as compared to 15 
mm size diet. Significant differences (P<0.05) were ob-
served in dry matter intake (DMI), milk yield and milk effi-
ciency of cows in different treatments. DMI of cows fed 
alfalfa hay plus fat was lowest and that of alfalfa silage plus 
fat was highest (Table 2).  

Fat supplementation in diet (i.e. ASF and AHF) resulted 
higher milk yield, ECM and milk efficiency (P<0.05). Us-
ing finer chopped alfalfa (15 mm vs. 25 mm) increased 
DMI and ECM (P<0.05), tended to decrease milk efficiency 
(MY/DMI) (P<0.10) and did not affect milk yield and milk 
efficiency (ECM/DMI). 

Milk composition was affected by dietary treatments 
(P<0.05). Particle size reduction of alfalfa decreased milk 
fat percentage and MUN (P<0.05). Fat supplementation to 
the ration also decreased milk fat percentage in both hay 
(3.17 vs. 3.26) and silage (3.11 vs. 3.20) form of alfalfa 
(P<0.05). Somatic cell count significantly (P<0.05) de-
creased when 3% fat was added to the diets (P<0.01). Con-
tents of C18:1 and C18:2 fatty acids were changed when 
3% fat was included in diets. Proportion of long chain fatty 
acids (C18:2 and 18:3) in milk fat was decreased 
(P<0.001), when fat was added to the rations. Chopping of 
forage had no effect on milk fat composition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Blood metabolites and feeding behaviour 
Feeding behaviours of experimental animals have presented 
in Table 3. Fat addition to the ration had no effect on eating 
time, but long particle size of roughage increased eating 
time (P<0.01).  

Conversely, there were significant differences among 
treatments in the ruminating time (P<0.01). Cows fed ASF 
had the highest ruminating (488 min/d) and total chewing 
(939 min/d) time.  

The highest resting time was observed in cows of AH 
and diet with alfalfa hay + fat (AHF) group. Higher BUN 
and blood glucose was observed in cows fed alfalfa silage 
and alfalfa silage plus fat and the differences were signifi-
cant (P<0.05).  

Fine chopped alfalfa (5.38 vs. 5.11 mmol/L) improved 
blood glucose levels (P<0.05). Fat addition to the diets, 
resulted to higher (P<0.05) non-esterified fatty acids and 
the differences were significant (P<0.05). Fine chopped 
alfalfa did not affect BUN and non-esterified fatty acids, 
but decreased eating, ruminating and total chewing time 
(P<0.01).  

Cows spent less eating and ruminating time for finer 
chopped alfalfa (117.7 and 123.6 min/kg of alfalfa neutral 
detergent fiber (NDF) for short forage vs. 126 and 133.3 
min/kg of alfalfa NDF for long forage) respectively. 

Table 2 Body weight chang (BWC), dry matter intake (DMI), milk yeild and composition of lactating Holstein cows fed from experimental diets with varying 
inclusion rates of chopped alfalfa hay and alfalfa silage 

(Un) supplemented forage  Particle size (PS) P-values 
Item 

AH AHF AS ASF  15 mm 25 mm 
SEM 

T PS T × PS 

Initial body weight (kg) 552 551 556 544  548 553 16.4 NS NS NS 

BWC (kg/d) -0.42a -0.40ab -0.38b -0.34c  -0.36 -0.40 0.02 * * * 

Initial body condition scores (BCS) 3.16 3.15 3.17 3.17  3.16 3.17 0.05 NS NS NS 

Final BCS 2.97b 2.99b 3.03a 3.04a  3.02 2.99 0.02 * † * 

Dry matter intake (DMI) (kg/d) 23.2b 22.4c 23.7a 23.1b  23.6 22.6 0.39 * * * 

Milk yield (kg/d) 36.9b 41.0a 38.1b 41.9a  39.7 39.1 1.05 * NS * 

ECM1 (kg/d) 36.5b 39.9a 37.4b 40.6a  39.4 37.8 0.95 * * * 

Somatic cell count (103 cells/mL) 251.4c 260.5a 257.1b 262.9a  258.4 257.5 8.11 ** † * 

Milk efficiency            

Milk yield/DMI 1.59b 1.83a 1.61b 1.81a  1.68 1.73 0.05 * † * 

ECM/DMI 1.57b 1.78a 1.58b 1.75a  1.66 1.67 0.03 ** NS NS 

Milk composition            

Fat (%) 3.26a 3.17c 3.20b 3.11d  3.15 3.21 0.02 ** * ** 

Protein (%) 3.34a 3.27b 3.36a 3.32a  3.34 3.31 0.02 * NS NS 

Lactose (%) 4.29b 4.55a 4.27b 4.49a  4.43 4.41 0.03 * NS † 

Milk urea nitrogen (mg/dL) 12.7c 14.8b 15.2ab 15.6a  14.1 15.0 0.31 ** * * 

C18 fatty acids profile of milk (g/100 g of total fat)          

C18:0 9.05bc 10.30a 8.68c 9.86ab  9.41 9.54 0.41 ** NS NS 

C18:1 19.01c 20.42b 20.91b 22.95a  20.92 20.71 0.59 ** NS † 

C18:2 1.59c 1.67b 1.76a 1.75a  1.70 1.69 0.04 * NS NS 

C18:3 0.73b 0.85a 0.71b 0.83a  0.79 0.77 0.02 ** NS † 

C18:2/C18:3 2.17b 1.97bc 2.48a 2.11bc  2.15 2.19 0.06 ** † NS 
1 Energy corrected milk (ECM) (kg/d)= [0.327 × (milk kg)] + [12.96 × (fat kg)] + [7.2 × (protein kg)] 
AH: diet with alfalfa hay; AHF: diet with alfalfa hay + 3% of fat; AS: diet with alfalfa silage and ASF: diet with alfalfa silage + 3% of fat. 
SEM: standard error of the means. 
NS: non significant. 
† (P<0.10); * (P<0.05) and ** (P<0.01). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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Rumen fermentation 
The average ruminal pH at 3 h after feeding ranged from 
6.06 to 6.25 among the experimental treatments and the 
differences were significant (P<0.05) (Table 4). Ruminal 
VFA concentration was decreased by addition of fat to the 
diets (P<0.001). Alfalfa hay consuming cows had higher 
acetate, lower propionate and butyrate and higher acetate-
to-propionate ratio in their rumen than silage consuming 
groups (P<0.05). Moreover, fat supplementation of the ra-
tions increased ruminal concentration of all C18 fatty acids 
(i.e. C18:0, C18:1, C18:2 and C18:3) (Table 2). Finer 
chopped alfalfa resulted to lower ruminal pH, acetate-to-
propionate ratio and higher propionate and total VFA. 

Similar to the findings of no effect of fat supplementation 
on BCS. Schroeder et al. (2002), Bell et al. (2006) and He 
et al. (2012) found no significant differences in BCS of 
cows fed fat supplemented diet. But, fat supplementation 
resulted to lower BWC in AHF and ASF because of higher 
energy density. Preservation method of forage (hay vs. si-
lage) was effective on BWC and final BCS of animals. 
Moreover, finer chopped forage tended to decrease BWC 
and increase BCS. Higher DMI in both silage and finer 
chopped alfalfa consuming cows may be a reason for that. 
This finding is in accordance to the works of Kononoff and 
Heinrichs (2003) and Teimouri et al. (2004) who found that 
particle size reduction significantly increased BCS and im-
proved BWC based on increase of feed intake. In contrast, 
Plaizier (2004) indicated that particle size of alfalfa has no 
effect on BW and BCS. Results for the DMI in this study 
are similar with those reported by Jerred et al. (1990), 
Vagnoni and Broderick (1997) and Calberry et al. (2003). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
They founds that the cows fed alfalfa silage (AS), had 

higher DMI than cows fed AH. Other researchers did not 
find relationship between forage preservation form (i.e. 
silage and haylage) and DMI or milk yield due to relatively 
low consumption of stored forage form (Onetti et al. 2004; 
Plaizier, 2004; Khadem et al. 2009). Addition of fat to the 
diets resulted in a decreased DMI and increased milk yield. 
These results were consistent with the reports of Schroeder 
et al. (2002), Onetti et al. (2004), Hollmann and Beede 
(2012) and Boerman and Lock (2014). While, Bell et al. 
(2006) and He et al. (2012) showed that fat supplementa-
tion has no effect on DMI and milk yield. It seems that sup-
pressed DMI because of additional fat had no negative ef-
fect on milk yield, BCS or performance of cow in the early 
lactation period. Normally, DMI reduction can be a result 
of more energy intake in fat supplemented groups. In addi-
tion DMI and ECM during early lactation were increased 
by alfalfa particle size reduction.  

Several experiments have shown that feeding cows with 
high fat diets leads to a low milk fat. In contrary He et al. 
(2012) demonstrated that fat supplementation of diet has no 
effect on milk fat. Milk fat depression is associated with 
changes in the pattern of ruminal biohydrogenation of un-
saturated fatty acids that leads to accumulation of some 
fatty acids (trans-10 18:1 and trans-10 cis-12 18:2) in the 
rumen and inhibition of milk fat synthesis in the mammary 
gland (Griinari, 2003). The presence of unsaturated fatty 
acid as substrate, and an altered rumen environment appear 
to be necessary conditions for milk fat depression. In the 
present study, we didn’t find differences in the ruminal ace-
tate concentration as the main precursor of milk fat among 

Table 3 Blood metabolite and feeding behavior of lactating Holstein cows fed from experimental diets with varying inclusion rates of chopped alfalfa 
hay and alfalfa silage 

(Un) supplemented forage  Particle size (PS) P-values 
Item 

AH AHF AS ASF  15 mm 25 mm 
SEM 

T PS T × PS 

Blood metabolite             

Urea nitrogen (mmol/L) 6.18d 7.21c 8.37b 9.13a  7.65 7.79 0.23 *** NS ** 

Glucose (mmol/L) 5.22b 5.53a 4.89c 5.35b  5.38 5.11 0.07 *** * *** 

NEFA (mmol/L) 130.7b 147.8a 133.2b 151.1a  138.5 141.8 3.87 * † * 

Feeding behavior            

Eating time (min/d) 450 451 449 450  445 457 10.2 NS ** † 

Min/kg of diet NDF 53.9 55.7 52.8 54.2  52.3 56.08 0.79 † ** † 

Min/kg of alfalfa NDF 118.6 122.7 121.4 124.7  117.7 126.0 2.29 † ** † 

Ruminating time (min/d) 464c 469c 479b 488a  467 483 8.12 ** ** ** 

Min/kg of diet NDF 55.7 56.5 56.1 57.6  54.9 59.2 1.12 NS ** ** 

Min/kg of alfalfa NDF 122.4 124.7 123.9 124.8  123.6 133.3 2.98 NS ** ** 

Total chewing time (min/d) 914c 920c 931b 939a  912 940 12.5 * ** ** 

Min/kg of diet NDF 109.7bc 114.0a 108.8c 112.6ab  107.2 115.2 2.45 * NS * 

Min/kg of alfalfa NDF 241.9 244.6 240.8 240.1  241.4 259.4 3.19 † * * 

Rest time (min/d) 526a 520a 509b 501c  525 504 6.29 ** * ** 
AH: diet with alfalfa hay; AHF: diet with alfalfa hay + 3% of fat; AS: diet with alfalfa silage and ASF: diet with alfalfa silage + 3% of fat. 
SEM: standard error of the means. 
NS: non significant. 
NEFA: non-estrifed fatty acids and NDF: neutral detergent fiber. 
† (P<0.10); * (P<0.05); ** (P<0.01) and *** (P<0.001). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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the fat supplemented and unsupplemented groups; but C18 
fatty acids profile dramatically altered and C18:1, C18:2 
and C18:3 concentration increased (P<0.05). It may be due 
to high amounts of these fatty acids in the supplemental fat 
and escape the rumen fermentation by ruminal passage rate. 
Reduction in forage particle size significantly decreased 
milk fat in the present study (P<0.05). It was similar with 
the reports of Onetti et al. (2004) and Teimouri et al. 
(2004). Lower rumination time and consequently lower 
rumen pH may alter rumen environment and biohydrogena-
tion of C18 fatty acids that finally lead to decreased milk fat 
percentage. Experimental treatments showed significant 
differences in milk fat, protein and lactose contents 
(P<0.05). The data demonstrated that silage form of alfalfa 
in the ration decreased average milk fat (3.22 vs. 3.16% for 
hay and silage consuming cows, respectively). Higher ru-
men pH and more acetate as the main precursor of milk fat 
synthesis may be reasons for higher fat in these groups. 
There were a significant differences in the milk protein 
among treatments (P<0.05). We observed a significant re-
duction in the milk protein in AHF and an insignificant 
reduction in ASF consuming cows. It is suggested that ad-
ditional dietary fat through suppressed microbial attach-
ment to the fibre in AHF and decreased fermentation, limit 
microbial protein synthesis that could decrease milk protein 
(He et al. 2012; Hollmann and Beede 2012). 

Finer particle size of roughage (hay or silage), resulted to 
a shorter eating time of the cows (445 vs. 457 min, P<0.01). 
Similarly, Beauchemin et al. (2008) and Khadem et al. 
(2009) found no differences in the eating time between AH 
and AS. Result for the ruminating behaviour in this study 
was similar with those reported by Khadem et al. (2009) 
who reported that ruminating time for cows fed AS was 
higher than AH. Higher ruminating time for AS compared 
to AH reflect higher DMI rather than a direct effect due to 
alfalfa preservation because this difference was not evident 
when ruminating time was expressed per unit of feed in-
take. Fat supplementation, was changed ruminating and 
chewing time especially when expressed as minute per kg 
of diet NDF (P<0.05). Higher rumination time in the fat 
supplemented groups may be a result of lower fiber diges-
tion, probably due to limited microbial attachment to the 
fiber. However, Jerred et al. (1990) didn’t report any effect 
of supplemented fat on eating, ruminating and chewing 
time of dairy cows. Contrary our results Harvatine and Al-
len (2005) demonstrated that fat supplementation of diet 
has negative effect on ruminating and total chewing time. 
Time spent chewing is primarily related to dietary intake 
and concentration of fiber and forage fiber and is poorly 
related to DMI. Total chewing time and time spent ruminat-
ing per kilogram of NDF intake wasn’t changing by fat 
supplementation (Table 3).  

Therefore, differences in chewing behaviour observed in 
the current experiment could be attributed to differences in 
fiber intake. Treatment diets also contained the same base 
ration and are not expected to differ in effectiveness of 
stimulating rumination, although associative effects on ru-
minal fiber digestion and passage could have affected ru-
minal digesta pool size, leading to changes in rumination. 
Moreover, fat supplementation and chop length increased 
blood glucose concentration. Considering the fact that ru-
minal propionate concentration was insignificant in AH vs. 
AHF or AS vs. ASF (Table 4), then higher blood glucose 
concentration in AHF and ASF consuming cows (5.53 and 
5.35 mmol/L for AHF and ASF vs. 5.22 and 4.89 mmol/L 
for AH and AS, respectively) cannot be due to propionate 
concentration for gluconeogenesis (P<0.05). This increase 
in the blood glucose level could be explained by shift of 
starch digestion from the rumen to the intestine (Larsen et 
al. 2009). Higher BUN in the silage consuming cows was 
attributing to the higher rumen degradability of crude pro-
tein in AS fed cows (Table 4). It can lead to an increased 
ammonia production in the rumen and consequently in-
creased urea production in the liver. However, Bhandari et 
al. (2008) showed that preservation method of alfalfa had 
no effect on BUN and blood glucose. In addition, Jerred et 
al. (1990) and Schroeder et al. (2002) illustrated that fat 
supplementation had no effect on BUN, non-esterified fatty 
acids and blood glucose. 

Reducing alfalfa particle size decreased eating, ruminat-
ing and total chewing time. According to Beauchemin et al. 
(2008), these results were in the normal range. These results 
were similar to the reports of Kononoff and Heinrichs 
(2003), Teimouri et al. (2004), Onetti et al. (2004) and 
Bhandari et al. (2008), but were in contrast to Yang and 
Beauchemin (2007) who found no differences in eating 
time. Also Bhandari et al. (2008) reported that BUN and 
blood glucose didn’t affected by chopping of alfalfa. So did 
Kononoff and Heinrichs (2003) found that forage particle 
size had no effect on non-esterified fatty acids concentra-
tion. Fat supplementation resulted to higher rumen pH. 
Maybe, the lower intact fat adversely affect fermentation 
and as a result pH is higher in these animals. Lower total 
VFA in these groups approves this suggestion. However 
Jerred et al. (1990), Schroeder et al. (2002) and Onetti et al. 
(2004) reported that fat supplementation had no effect on 
ruminal pH, VFA, NH3-N, acetate and propionate in early 
lactation cows. Plaizier (2004), Beauchemin et al. (2008) 
and Khadem et al. (2009) reported that ruminal NH3-N was 
increased by AS vs. AH in dairy cow diets. We found simi-
lar results too. Higher ruminal NH3-N may be due to higher 
fermentation rate in the rumen, but probably lack of syn-
chronization between carbohydrate and NH3-N resulted to 
high BUN and MUN.  
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Also similar to our results, Onetti et al. (2004) and 

Khadem et al. (2009) reported an increased concentration 
of VFA when AH was replacing with AS. This increase 
may be a result of higher feed consumption, especial fer-
mentation of silage and increased amounts of propionate 
and butyrate due to higher passage rate. But, unlike AS and 
ASF, AH and AHF were increased rumen pH due to in-
creased ruminating time. Based on the rumination time, it 
was expecting that ruminal pH be higher for AH and AHF 
consuming cows, because of higher saliva secretion and 
more buffering capacity in these groups. However, Plaizier 
(2004) and Yang and Beauchemin (2007) suggested that the 
concentrations of VFA, acetate and propionate were similar 
when AH and AS were using in diet. 

Finer chopped forage resulted to lower ruminal pH (6.11 
vs. 6.2, P<0.05). Shorter rumination and total chewing time 
as a result of particle size reduction and consequent less 
buffering may be the main reason for lower pH in these 
groups. Onetti et al. (2004), Teimouri et al. (2004) and 
Yang and Beauchemin (2007) reported decreased rumen pH 
due to reduction in forage PS as well. In agreement with 
our result Onetti et al. (2004), Teimouri et al. (2004), Yang 
and Beauchemin (2007) and Bhandari et al. (2008) reported 
that VFA and propionate concentrations were greater in 
chopped alfalfa compared to long alfalfa. Reducing PS may 
increase the rate of rumen digestion because of increased 
attachment sites for microorganisms and higher DMI that 
may lead to more production of VFA. 

ASF and AHF, respectively, increased polyunsaturated 
fatty acids concentrations in milk. These changes reflected 
changes in fatty acids composition of the diets and in DMI 
of cows. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

Table 4 Rumen fermentation parameters of lactating Holstein cows fed from experimental diets with varying inclusion rates of chopped alfalfa hay and 
alfalfa silage 

(Un) supplemented forage  Particle size (PS) P-values 
Rumen fermentation parameters 

Despite the reduction in DMI due to fat supplementation, 
intake of total C18 fatty acids tended to be higher for cows 
fed AHF and ASF. This result is consistent with those re-
ported by several authors using fat supplementation (Bell et 
al. 2006; Onetti et al. 2004; Hollmann and Beede, 2012; He 
et al. 2012; Boerman and Lock, 2014). Milk fatty acids 
profile, especial C18, depends on the balance between the 
increase in exogenous fatty acids (i.e. fat supplementation) 
transfer to the mammary gland by increased delivery and 
uptake of long-chain fatty acids in blood and the decrease 
in de novo synthesis. A reduction of fatty acids synthesis 
within the mammary gland is often observed when supple-
mental fat is added to the diet of lactating dairy cows 
(Jenkins et al. 2008; He et al. 2012). Ruminal biohydroge-
nation of dietary unsaturated fatty acids is relatively con-
stant (86 and 82%, respectively, for C18:2 and C18:3), 
whereas secretion of these in milk is more variable (Jenkins 
et al. 2008). High supply of these fatty acids and escape 
from the rumen was the main reason for higher amount of 
these fats in milk, nevertheless obvious changes were hap-
pening in the profile of C18 fatty acids in the rumen and 
milk and it was very different from the dietary fatty acid 
profile (Table 2). In agreement with our result Onetti et al. 
(2004) and He et al. (2012) reported that fat supplementa-
tion had significantly effective on C18:0 and C18:1. But, 
Onetti et al. (2004) stated that fat supplementation wasn’t 
affected on C18:2 and C18:3. 
 

  CONCLUSION 

It is concluded that fat supplementation significantly in-
creased the proportion of C18:0, C18:1, C18:2 and C18:3  

 

 

AH AHF AS ASF  15 mm 25 mm 
SEM 

T PS T × PS 

pH  6.17b 6.25a 6.06c 6.15b  6.11 6.20 0.05 * * * 

NH3-N (mg/dL) 15.98c 16.89b 17.11ab 17.78a  16.82 17.06 0.23 * NS † 

Total VFA3 (mmol/L) 123.2c 110.9d 138.9a 129.1b  128.3 122.8 2.24 *** ** ** 

Acetate (mol/100 mol) 70.59a 70.01a 66.16b 67.19b  67.14 69.83 0.55 * ** * 

Propionate (mol/100 mol) 16.44b 16.31b 18.38a 18.05a  17.99 16.59 0.48 * ** * 

Butyrate (mol/100 mol) 8.72b 8.58b 11.02a 10.98a  9.99 9.65 0.59 * NS † 

Acetate-to-propionate ratio 4.29a 4.29a 3.59b 3.72b  3.73 4.22 0.12 * ** * 

C18 fatty acids profile of rumen content (g/100 g of lipid extract)        

C18:0  37.59c 49.61a 31.79d 44.02b  40.49 41.01 2.17 *** NS ** 

C18:1  1.42c 8.63b 1.89c 11.72a  6.05 5.78 0.76 *** NS † 

C18:2  0.82b 3.99a 0.88b 4.14a  2.50 2.41 0.53 ** NS * 

C18:3  0.43b 2.01a 0.42b 2.43a  1.36 1.28 0.12 ** NS † 

C18:2/C18:3 1.90b 1.98ab 2.09a 1.70c  1.83 1.88 0.07 * NS * 
AH: diet with alfalfa hay; AHF: diet with alfalfa hay + 3% of fat; AS: diet with alfalfa silage and ASF: diet with alfalfa silage + 3% of fat. 
SEM: standard error of the means. 
NS: non significant. 
VFA: volatile fatty acids. 
* (P<0.05); ** (P<0.01) and *** (P<0.001). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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fatty acids in milk. Although, milk fat of cows decreased 
when fat was fed at 3% of diet dry matter. Replacement of 
AH with AS in diets containing 3% fat increased somatic 
cell count and MUN in milk, ruminating and total chewing 
time, ruminal NH3-N, VFA, propionate and butyrate in 
rumen, CLA in rumen and milk. The results suggest that 
ASF and AHF are more effective in sustaining DMI, milk 
yield, C18:1 and C18:2, VFA, propionate, chewing activity 
and BUN than AS and AH that was fed, respectively. Thus, 
C18-enriched milk produced as a result of feeding fat could 
increase the range of milk and milk products available to 
consumers. Also, reduction of chop length increased final 
BCS, DMI, ECM, blood glucose, total VFA and propionate 
in rumen, but decreased acetate, acetate-to-propionate ratio, 
rumen pH, total chewing activity, rumination time, and 
milk fat. 
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