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Abstract

The present study was aimed at determining the effects of adding vitamin E and monensin on milk production,
milk composition, and the milk fatty acid profile of lactating dairy cows when whole cottonseed, as the main
source of FA, was included in the diet. In a balanced 4x4 repeated Latin square design, eight lactating Holstein
cows were randomly assigned to one of the four dietary treatments for 28-d treatment period: 1) control diet
(without whole cottonseed, monensin and vitamin E; C), 2) diet with 20 percent whole cottonseed of DM (WCS),
3) diet with 20 percent whole cottonseed of DM plus 12000 IU of vitamin E/cow per d (WCS+E), and 4) diet
with 20 percent whole cottonseed of DM plus 24 ppm of monensin/kg DMI per cow per d (WCS+M). Protein
and lactose percentages were not significantly affected by experimental treatments, but 4% FCM, milk fat
percentage and milk fat yield (kg/day) were significantly different among treatments (p<0.05). Feeding vitamin
E supplement increased SCFA and decreased LCFA (p<0.05). The concentration of cis-9, trans-11 CLA was
affected by monensin and vitamin E supplementations (p<0.05) and treatments WCS and WCS+M had the
highest amount within the experimental treatments. The supplementation of diet by monensin had significant
effect on trans-10, sic-12 CLA concentration and increased it (p<0.05). The results of this study showed that
supplementation of vitamin E or monensin did not have any effect on milk fat concentration when whole

cottonseed is included in the diet whereas affected milk fat compositions.
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Introduction

Consumers are increasingly aware of the link between
diet and health, and recently FA have gained special
attention for their potential health benefits. Fat is the
major energy containing component in milk and
accounts for many of the physical properties,
manufacturing characteristics, and organoleptic
qualities of milk and milk products (Bauman and
Griinari, 2003). Conjugated linoleic acid (CLA) is one
such bioactive FA that may function to improve
health maintenance and prevent chronic diseases.
When consumed as a natural component of the diet,
cis-9,trans-11 18:2 CLA (rumenic acid, RA) has been
consistently shown to offer anticarcinogenic and
antiatherogenic effects in biomedical studies using
animal models of human disease (Parodi, 2004;
Bauman et al., 2006). Dietary modification shows the
most promise as a management strategy to change
milk composition in the short term. The fatty acid
content of the lactating cow diet affects the type and
the proportion of the fatty acids in the milk fat
(Grummer, 1991). Conjugated linoleic acid is an
intermediate product of biohydrogenation of linoleic
acid by the
fibrosolvens (Harfoot and Hazelwood, 1988). Whole

cottonseed is a unique feedstuff because of its high

rumen bacterium, Butyrivibrio

content of energy, mainly in the form of oil,
moderately high level of CP, and high quality fiber
(Harvatine et al., 2002). It has been shown that
feeding unsaturated oils to ruminants impaired
ruminal BH of unsaturated FA (Bauman and Griinari,
2001, 2003) and increased ruminal outflow of BH
intermediates such as trans-10, cis-12 CLA that were
considered to be potent inhibitors of milk fat
synthesis (Baumgard et al., 2000). Whole cottonseed
(WCS) has become an important ingredient in diets
for high-producing dairy cows. Cottonseed oil is also a
good source of unsaturated fatty acids and contains
approximately 500 g/kg linoleic acid (NRC, 2001).
Biohydrogenation of unsaturated fatty acids in the
rumen is affected by the type and amount of fatty acid
substrate, forage to grain ratio, and nitrogen content
of the diet (Harfoot and Hazelwood, 1988).

Monensin is a carboxylic polyether ionophore
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antibiotic produced by the fermentation of
Streptomyces cinnamonensis (Russell, 2002). It is
extensively used in the diet of dairy cows, and its
effects on milk production and composition are well
documented (Da Silva et al.,, 2007; Odongo et al.,
2007; Alzahal et al., 2008; Fatahnia et al., 2010). The
benefits of feeding monensin to dairy cows include
the increased milk production and improved energy
balance associated with reduced incidence of
subclinical ketosis, clinical acidosis and displaced
abomasums (Duffied and Bagg, 2000). Monensin is
also known to decrease rumen biohydrogenation
(BH) of polyunsaturated fatty acids (PUFAS; Van
Nevel and Demeyer, 1995) in vitro, and to increase
total conjugated linoleic acid in vitro (CLA; Fellner et
al., 1997). Thus,
monensin might increase concentration of PUFAs and
CLA in milk. Increasing specific USFA such as CLA,

linoleic acid and linolenic acid (C18:3n-3) in milk

dietary supplementation of

would increase consumer interest and acceptance of
milk due to health benefits associated with these FA

(Ramaswamy et al., 2001).

Pottier et al. (2006) studied the effect of vitamin E
supplementation (12 000 mg/d) in the diets
containing linseed oil on milk fat composition of
lactating dairy cows. They observed that dietary fat
from linseed oil decreased milk fat concentration and
addition of vitamin E to the diet eliminated the fat-
depressing effect of linseed oil. Kay et al. (2005)
observed that addition of 10 000 mg vitamin E/d to a
TMR increased milk fat content by 6%. Bell et al.
(2006) studied the effect of diets containing 60 g of
safflower oil/kg DM, 60 g of safflower oil plus 150 mg
of vitamin E/kg of DM, 60 g of safflower oil plus 24
mg of monensin/kg DM, or 60 g of safflower oil plus
24 mg of monensin and 150 mg of vitamin E/kg DM
on milk fat percentage and milk fatty acid profile in
lactating dairy cows. They observed that cows fed
with safflower oil plus vitamin E or safflower oil plus
vitamin E and monensin containing diets had higher
milk fat percentage in relation to those fed with
safflower oil or safflower oil plus monensin ones. The
alleviating effect of vitamin E on milk fat depression

suggested that it could minimise the formation of
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trans-10 isomers in the rumen.

The present study was aimed at determining the
effects of adding vitamin E and monensin on milk
production, milk composition, and the milk fatty acid
profile of lactating dairy cows when whole cottonseed,

as the main source of FA, was included in the diet.

Materials and methods

Cows and experimental diets

Eight lactating Holstein cows (4 primiparous; 550+ 15
kg of live weight, 4 third parity; 600 + 20 kg of live
weight; 550 + 5 days in milk) were separated from the
rest of the herd and housed in the individual stalls. In
a balanced 4x4 repeated Latin square design, cows
were randomly assigned to one of the four dietary
treatments for 28-d treatment period: 1) control diet
(without whole cottonseed, monensin and vitamin E),
2) diet with 20 percent whole cottonseed of DM, 3)
diet with 20 percent whole cottonseed of DM plus
12000 IU of vitamin E/cow per d and 4) diet with 20
percent whole cottonseed of DM plus 24 ppm of
monensin/kg DMI per cow per d (Table 1). The diets
contained 460 g/kg DM forage and 540 g/kg DM of a
concentrate mixture. Each experimental period lasted
28 days with 21 days of treatment adaptation and 7
days of data collection. All the diets were formulated
based on NRC (2001) recommendations. Cows were
fed the total mixed rations (TMR) ad libitum with a
10% of daily refusal. All cows were individually fed
twice daily at 08:30 and 16:30 hours. Cows had free
access to drinking water and were milked three times
daily at 06:00, 14:00 and 22:00 hours. Milk samples
were obtained from six consecutive milkings, days 27
to 28 of each experimental period and pooled within
cow and period relative to production to obtain one
composite milk sample per cow per period for
chemical analysis. Milk samples were used for
determination of milk composition (Milk-O-Scan
133B Foss Electric, Denmark). Fat corrected milk (4%
FCM) is defined as milk with 4% of fat (NRC, 2001).
Milk protein, fat and lactose yields were calculated by
multiplying milk yield from the respective day by
protein, fat and lactose contents of the milk for each
(milk

cow. Milk nitrogen was calculated as

protein/6.38).
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Milk samples without adding any preservative were
stored at 20° C until analysed for FA profile. For GC—
MS analysis, an Agilent 6890 gas chromatography
with a 3om to 0.25mm HP-5MS capillary column
coupled with an Agilent 5973 mass spectrometer
(Agilent Technologies, Palo Alto, CA) operating in EI
mode at 70 eV was used. The temperatures of injector
and detector ports were set at 250 and 150 o C
respectively. Initially, the column temperature was
held at 60 oC for 3 min and then was increased at a
rate of 5 oC/min to 220 oC. The temperature of

column was held at 220 oC for 10 min.

Statistical analysis

All statistical analyses were performed using PROC
MIXED of SAS (1999). Data on milk production, milk
composition, and blood parameters were analyzed
using the following model:

Yijk = u + Pi + Gj + Tk + ejjk

Where,

Yijx = the dependent variable

u = overall mean

P; = effect of period

C;j = random effect of cow

Tk = effect of treatment

ejjk = residual error

Statistical significance was declared at p<0.05.

Results and discussion

Ingredients and chemical composition of the
experimental diets were shown in Table 1. Whole
cottonseed had a higher concentration of Ci8:2 in

relation to the other FA (Table 2).

Effects of whole cottonseed, monensin and vitamin E
on milk production and milk composition of dairy
were shown in Table 3. Protein and lactose
percentages were not significantly affected by
experimental treatments, but 4% FCM, milk fat
percentage and milk fat yield (kg/day) were
significantly different among treatments (P<0.05).
Adding whole cottonseed to diet (20%) decreased
milk fat percentage (P<0.05). According to Coppock
et al. (1987), including 100 to 300 g/kg WCS in the

diet increased milk fat percentage in 8 out of 13 trials,
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although only four trials showed significantly higher
values than the control diet. Moreover, in some later
studies (Kajikawa et al., 1991; Wu et al., 1994; Adams
et al., 1995; Dhiman and Satter, 1995; Bitman et al.,
1996) no response in milk fat percentage or yield was
found when WCS was supplemented to dairy cow
diets. In other studies supplementing WCS to dairy

cattle rations, milk-fat percentage and yield increased
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(Sklan et al, 1992; Belibasakis and Tsirgogianni,
1995; Harrison et al., 1995) or decreased (Wilks et al.,
1991; Smith et al, 1993). According to Smith et al.
(1993), the reducing effect of WCS on milk fat yield is
larger in corn silage than in alfalfa diets. The effect of
WCS on fat metabolism may be attributed to both
ruminal and post-ruminal effects (Kajikawa et al.,

1991; Wu et al, 1994; McNamara et al, 1995).

Table 1. Ingredients and chemical composition of the experimental diets.

Dietary treatment!

C WCS WCS+E WCS+M
Ingredient (g/kg DM)
Alfalfa hay 190 190 190 190
Corn silage 270 270 270 270
Ground barley 190 100 100 100
Ground corn 150 90 90 90
Cottonseed meal 90 40 40 40
Soybean meal 80 80 80 80
Wheat bran 20 20 20 20
Salt 2 2 2 2
Ca carbonate 2 2 2 2
Mineral premix2 4
Vitamin premix3 4
Whole cottonseed - 200 200 200
Monensin (ppm/cow day) - - - 24
Vitamin E (IU/cow day) - - 12000 -

Diets, Control (C) diet without whole cottonseed or vitamin E or monensin supplementation; WCS, control diet
plus whole cottonseed 200 g/kg DM; WCS+E, WCS diet plus 12 000 IU of vitamin E/cow day; WCS+M, WCS

diet plus 24 ppm of monensin/kg DMI per cow day.

2 Each kg (DM basis) of mineral permix contained 200 g of Ca; 90 g of Mg; 13.5 g of Mn; 17.5 g of Fe; 14.3 g of Zn;

3.5 g of Cu; 210 mg of I; 35 mg of Co; 90 mg of Se.

3 Each kg (DM basis) of vitamin permix contained 1 500 000 IU of vitamin A; 400 000 IU of vitamin D3; 6000

mg of vitamin E; and 400 mg of antioxidant.

Supplementing WCS in diets increased milk yield, but
it was not significantly diference (P>0.05). The high
fiber and energy content of WCS has the potential to
alter milk composition and yield when fed to lactating
dairy cows. Milk yield increased in lactating cows fed
WCS compared with those fed none (Mooney and
Allen, 1997). Anderson et al. (1979) noted that milk
yield increased from 24.1 to 26.9 kg/d when cows
were fed WCS compared with cows fed no WCS.

Others (Clark and Armentano, 1993; DePeters et al.,
1985) have not observed any change in milk yield
when WCS were included in the diet.

In the present study, milk protein content and yield
was not decreased when WCS was added. Anderson et
al. (1979), Smith et al. (1981) and DePeters et al.
(1985) reported decreased milk protein percentage

and yield with cottonseed feeding. The mechanism
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whereby supplementary fat, especially protected fat,
sometimes depresses protein in milk has yet to be
understood (Palmquist & Jenkins, 1980). Smith et al.
(1993) found a decrease in milk-protein yield by WCS
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feeding. Pires et al. (1997) found an increase in milk-

protein yield and content when WCS was

supplemented to dairy cow diets.

Table 2. Fatty acid profile of the experimental diets and wholecottonseed fed to Holstein dairy cows.

Dietary treatment* Whole cottonseed
C WCS WCS+E WCS+M
Ci14:0 3.41 4.18 4.18 4.18 1.85
C16:0 49.85 44.00 44.00 44.00 28.41
C16:1 - - - - 1.12
Ci18:0 1.40 1.41 1.41 1.41 3.07
C18:1 cis-9 24.87 23.54 23.54 23.54 15.30
C18:2 cis-9 cis-12 17.25 25.28 25.28 25.28 48.82
C18:3n-3 - - - - 0.14
C20:4 - - - - 0.32
Others’ 3.22 1.59 1.59 1.59 0.97
Saturated” 54.66 49.59 49.59 49.59 33.33
Unsaturateds$ 42.12 48.82 48.82 48.82 65.38

FA, fatty acids are expressed as g/100 g FA methyl esters.

*Abbreviations are explained in Table 1.
"Unidentifiable peaks.

*Sum of C14:0, 16:0 and C18:0 FA.

§Sum of C16:1, C18:1, C18:2, C18:3 and C20:4 FA.

Reduced milk fat is another important side effect of
high-fat diets. This phenomenon, referred to as milk
fat depression (MFD), is typically observed with low-
fiber diets including high levels of concentrates
(either readily digestible carbohydrates or
unsaturated fat; Bauman and Griinari, 2003). Several
theories have been proposed to explain MFD
(Bauman and Griinari, 2003). However, currently,
the most supported theory involves trans-10, cis-12
CLA as a direct inhibitor of milk fat synthesis in the
mammary gland. In this study adding vitamin E to
diet containing WCS (WCS+E) increased milk fat
percentage compared to diets containing WCS (WCS
or WCS+M diets), but it was not significantly
difference (P>0.05). Pottier et al. (2006) studied the
effect of vitamin E supplementation (12 000 mg/d) in
the diets containing linseed oil on milk fat
composition of lactating dairy cows. They observed
that dietary fat from linseed oil decreased milk fat

concentration and addition of vitamin E to the diet

eliminated the fat-depressing effect of linseed oil. Kay
et al. (2005) observed that addition of 10 000 mg
vitamin E/d to a TMR increased milk fat content by
6%. Bell et al. (2006) studied the effect of diets
containing 60 g of safflower oil/kg DM, 60 g of
safflower oil plus 150 mg of vitamin E/kg of DM, 60 g
of safflower oil plus 24 mg of monensin/kg DM, or 60
g of safflower oil plus 24 mg of monensin and 150 mg
of vitamin E/kg DM on milk fat percentage and milk
fatty acid profile in lactating dairy cows. They
observed that cows fed with safflower oil plus vitamin
E or safflower oil plus vitamin E and monensin
containing diets had higher milk fat percentage in
relation to those fed with safflower oil or safflower oil
plus monensin ones. The alleviating effect of vitamin
E on milk fat depression suggested that it could
minimize the formation of trans-10 isomers in the
rumen. Charmley and Nicholson (1994) studied the
effect of fat source on milk fat composition of cows

receiving different levels of dietary vitamin E. They
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observed that dietary fat from micronized soybeans
decreased milk fat concentration. However, a high
concentration of vitamin E supplement in the diet (8
000 IU/d) eliminated the fat-depressing -effect.
Similarly, Focant et al. (1998) showed that a huge
dietary vitamin E supplement (9600 1U/d) prevented
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the drop in milk fat yield, as well as resistance to
oxidation, which was induced by the incorporation of
unsaturated fat-rich extruded linseeds and rapeseeds.
Kay et al. (2005) observed that addition of 10000 IU
of a-tocopherol/d to a TMR increased milk fat
content by 6%.

Table 3. Effects of whole cottonseed, monensin and vitamin E on milk production and milk composition of dairy

COWS.
Item Dietary treatment SE  Mixed effects

C WCS WCS+E WCS+M square period(square) treatment
Milk yield (kg/d)
Milk 42.6 43.5 43.9 42.0 1.278 0.0158 0.9079 0.7197
4% FCM 40.62 35.8> 38.42> 35.1P 1.336 0.0015 0.7198 0.0209
Fat 1.5342 1.266P 1.353> 1.296P  0.075 0.0024 0.5240 0.0063
Protein 1.312 1.390 1.372 1.380 0.042 0.0031 0.9586 0.5540
Lactose 1.889 1.944 2.027 1.859 0.060 0.0079 0.4405 0.2541
Nitrogen 0.206 0.218 0.215 0.216 0.007 0.0031 0.9586 0.5540
Milk composition (%)
Fat 3.412 2.99> 3.18> 2.78b 0.178 0.0218 0.3612 0.0072
Protein 3.08 3.20 3.13 3.28 0.068 0.0788 0.5140 0.1576
Lactose 4.43 4.48 4.63 4.42 0.071 0.2936 0.0648 0.1301

a,b. ¢ Least square means within a row without common superscript differ (P<0.05). 1Standard error of the mean.

2P-values for mixed effects.

Diets, Control (C) diet without whole cottonseed or vitamin E or monensin supplementation; WCS, control diet
plus whole cottonseed 200 g/kg DM; WCS+E, WCS diet plus 12 000 IU of vitamin E/cow day; WCS+M, WCS

diet plus 24 ppm of monensin/kg DMI per cow day.

Monensin supplementation had no effect on milk

production. This disagrees with earlier trials
establishing that the inclusion of 300 mg of
monensin/d in dairy cow diets for the first 25 wk of
lactation would increase milk yield (Van der Werf et
al., 1998; Phipps et al, 2000). However, feeding
monensin at 24 and 22 mg/kg of DM, respectively, for
15-d (Bell et al., 2006) and 35-d (Osborne et al.,
2004) periods had no effect on DMI and milk yield of
dairy cows. Discrepancies between studies could be
related to factors such as stage of lactation, diet
composition, and length of the trial. Moreover, Sauer
et al. (1998) suggested that some adaptive changes
occur in the rumen microflora following monensin
supplementation and cows that had previously
received monensin no longer respond. The response
to monensin regarding milk production and

composition also differs with genetic line, cows with

the highest capacity of milk production responding
best to monensin supplementation (Van der Werf et
al, 1998). A supply of glucogenic precursors,
resulting from changes in the pattern of rumen
fermentation, can also be a likely mechanism of
supporting additional milk yield by monensin
supplementation. Adding monensin decreased milk
fat concentration (WCS diet vs. WCS+M diet), but
does not significantly difference  (P>0.05).
Supplementation of monensin has been shown to
decrease milk fat percentage (Ramanzin et al., 1997;
Phipps et al., 2000) but not total milk fat yield
(McGuffey et al, 2001). The reduced ruminal
production of acetate and butyrate is frequently
attributed as the main factor reducing milk fat
percentage when cows are fed diets supplemented
with monensin (Van Der Werf et al., 1998). Phipps et

al. (2000), Da Silva et al. (2007), Odongo et al.
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(2007), and Alzahal et al. (2008) reported a reduction

in milk fat percentage with  monensin
supplementation. The milk fat depressing effect of
monensin has been attributed to the reduced ruminal
production of acetate and butyrate, which might
result in a shortage of lipogenic precursors for the
synthesis of fatty acids in the lactating mammary

gland (Dye et al., 1988; Van der Werf et al., 1998).

Fellner et al. (1997) reported that monensin inhibited
the rate of biohydrogenation of long chain fatty acids,
which can inhibit the de novo synthesis of fatty acids
in the mammary gland (Bauman and Griinari, 2003),
and therefore reduced milk fat output when cows
were fed diets supplemented with monensin

(Ipharraguerre and Clark, 2003).

Table 4. Milk FA profile of Holstein dairy cows fed the experimental diets.

FA Dietary treatment*

C WCS WCS+E WCS+M
C6 2.84b+0.26 3.23Y+0.26 5.092+0.40 3.05P+0.26
C8 3.10+0.16 2.91+£0.16 3.70+0.25 3.12+£0.16
C10 7.15+0.55 6.32b+0.55 10.042+£0.84 7.63+0.55
Ci2 8.23+0.63 6.48+0.63 8.99+0.96 6.93+0.63
Ci4 18.02+0.94 16.26+0.94 20.26+1.43 19.02+0.94
C14:1 2.2092+0.17 1.48b+0.17 1.48b+0.26 1.31°+0.17
Ci5 2.1540.11 1.88+0.11 1.59+0.17 1.99+0.11
C16 24.63+1.23 25.04+1.23 25.21£1.76 25.03+1.23
C16:1 2.35%+0.15 2.00P¢+0.15 2.672£0.23 1.81°+0.15
C17 0.92+0.16 1.51+0.16 0.77+£0.24 1.05+0.16
C18 5.372+£0.85 6.602+0.85 2.99+0.96 6.672+0.85
C18:1 trans-11 5.572+£0.59 2.67°+0.59 2.44b+0.66 4.472£0.59
C18:1 cis-9 11.512P +1.27 14.652+1.27 8.93P+1.94 8.50P+1.27
C18:2 2.65+0.27 2.11+0.27 1.36+0.42 2.79+0.27
Cis-9, trans-11 CLA 0.08¢+0.12 0.952+0.12 0.62P+0.18 1.322+0.12
Trans-10, cis-12 CLA 0.01+0.067 0.03P+0.067 0.04P+0.101 1.412+£0.067
Others 3.15+0.78 5.91+£0.78 2.97+1.19 5.15+0.78
SFA 72.40P+1.55 70.23P+1.55 78.992+2.33 74.49?P+1.55
USFA 24.45%+1.09 23.862+1.09 17.66P+1.67 21.50%P+1.09
MUFA 21.713+1.22 20.802+1.22 15.52P+1.82 16.09P+1.22
PUFA 2.74P+0.41 3.06+0.41 2.10P+0.62 5.532+0.41
SCFA 21.32b+1.38 18.94P+1.38 27.823+2.10 20.73P+1.38
MCFA 50.35+1.67 48.17£1.67 52.34+2.39 50.21+1.67
LCFA 25.182+1.85 26.982+1.85 16.79P+2.83 24.152+1.86

FA, fatty acids expressed as g/100 g fatty acid methyl esters. CLA, conjugated linoleic acid; Others, unidentifiable
peaks; SFA, saturated fatty acids; USFA, unsaturated fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids; SCFA, short-chain fatty acids (C4:0—C12:0); MCFA, medium-chain fatty acids
(C14:0—-C17:0); LCFA, long-chain fatty acids (C18:0—C18:3n-3).

abMean values with different superscripts in the same row are different (p < 0.05). Multi-treatment comparison

method: Fisher’s protected LSD.

*Abbreviations are explained in Table 1.

Cows fed monensin had lower 4% FCM yield as a
result of the decrease in milk fat concentration
(P>0.05). This agrees with the well-documented
decrease in milk fat concentration reported when

adding monensin to a dairy cow diet (Sauer et al.,

1998; Dhiman et al., 1999; Phipps et al., 2000; Bell et
al., 2006) due to the reduction of molar proportions
of acetate and butyrate and the increase of propionate

(Sauer et al., 1998).
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Monensin  supplementation increased protein
concentration compared to treatments (P>0.05).
Yang and Russell (1993) found that monensin feeding
reduced in vitro and in vivo ruminal NH3 formation
from protein hydrolysates by suppressing certain
bacteria with high deamination activity. Thus,
monensin supplementation may improve N efficiency
by increasing gut absorption of a-amino N. Because
of the high levels of free AA, monensin might be
particularly effective in lactating cows fed alfalfa
silage. Ruiz et al. (2001) observed that adding
monensin to the diet reduced ruminal NH3,

suggesting a N-sparing effect.

Feeding monensin supplement had no effect on milk
concentrations of short-chain fatty acids (SCFA)
(4:0—12:0) and long-chain fatty acids (LCFA) (18:0 to
18:3n-3) (p > 0.05; Table 4), but feeding vitamin E
supplement increased SCFA and decreased LCFA (p
<0.05). Khodamoradi et al. (2012) found that Feeding
monensin and vitamin E supplements had no effect
on the concentration of SCFA in milk fat that was in
agreement with the findings of others (Pottier et al,
2006; Da Silva et al., 2007). However, Fatahnia et al.
(2010) reported that feeding monensin to dairy cows
decreased SCFA concentration of milk, whereas
Odongo et al. (2007) found that the concentration of
SCFA in milk fat was increased by monensin
supplementation.

Dietary treatments had no effect on milk
concentrations of medium chain fatty acids (MCFA)
(p>0.05; Table 4). However, the lowest and the
highest concentrations of milk MCFA (14:0-17:0)
were observed in treatments WCS and WCS+E,
respectively (Table 4) that was in agreement with
previously published studies (Da Silva et al., 2007;
Odongo et al., 2007; Fatahnia et al., 2010). In a
previous study, vitamin E supplementation at 12 000
mg/day had no effect on the concentrations of SCFA
and MCFA in milk fat (Pottier Adding WCS, vitamin E
and monensin decreased the concentration of 14:1 (p
<0.05). In agreement with our results, Da Silva et al.
(2007) and Fatahnia et al. (2010) found that

monensin had no effect on concentration of LCFA in
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milk fat, whereas Odongo et al. (2007) showed that
milk fat concentration of LCFA was increased by
dietary supplementation with monensin. Fatty acids
in milk originate from two sources; uptake from
circulation and the de novo synthesis within the
mammary epithelial cells (Neville and Picciano,
1997). Short chain FA and MCFA arise almost
exclusively from the de novo synthesis using
circulating acetate and butyrate that are originated
from the rumen, whereas LCFA are derived from the
uptake of circulating lipids (Mansbridge and Blake,
1997).

Feeding monensin and vitamin E supplements had no
effect on milk concentration of 16:0 (p >0.05; Table
4). Feeding cows with the M diet (WCS+M treatment)
decreased the concentration of 16:1, whereas the E
diet (WCS+E) tended to increase it (p = 0.05; Table
4). The concentration of 18:0 was affected by vitamin
E supplementation and decreased with adding
vitamin E (p <0.05). Fatahnia et al. (2010) and
Alzahal et al. (2008) reported that the concentration
of 18:0 in milk fat was decreased by dietary
supplementation of monensin, Odongo et al. (2007)
observed that feeding monensin at 24 mg/kg DM

increased the concentration of 18:0 in milk fat.

The concentration of trans-11 18:1 was not affected by
monensin but its concentration reduced in treatments
WCS and WCS+E (p >0.05). Pottier et al. (2006)
found no differences in milk fat concentrations of
trans-11 18:1 and cis-9, trans-11 CLA by dietary
supplementation of vitamin E at 12 000 mg/day.
Trans-11 18:1 can be converted to cis-9, trans-11 CLA
in the mammary gland and other tissues catalyzed by
Do-desaturase (Bauman and Griinari, 2003).
Therefore, an increased flow of trans-11 18:1 from the
rumen to small intestine is desirable because it would
elevate the concentration of cis-9, trans-11 CLA in
milk fat. Turpeinen et al. (2002) reported that on
average 19% of dietary trans-11 18:1 can be converted

to cis-9, trans-11 CLA in humans.

Adding vitamin E or monensin to diets decreased the

concentration of cis-9 18:1 (p<0.05). The
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concentration of 18:2 n-6 was not affected by
monensin and vitamin E supplementations (p>0.05;
Table 4), whereas the WCS+E diet tended to decrease
it. The concentration of cis-9, trans-11 CLA was
affected by monensin and  vitamin E
supplementations (p <0.05) and treatments WCS and
WCS+M had the highest amount within the
experimental treatments. The supplementation of diet
by monensin had significant effect on trans-10, sic-12
CLA concentration and increased it (p <0.05). Focant
et al. (1998) observed that dietary supplementation
with vitamin E (9600 IU/d) resulted in the reduction
of trans-10 C18:1 fatty acid in milk fat, suggesting that
the effect of vitamin E on milk fat concentration was
mediated by the changes in rumen BH. This
suggestion is also supported by findings of Kay et al.
(2005) who reported that plasma trans-11 Ci8:1
tended to increase and plasma trans-10 Ci18:1
numerically decreased in dairy cows when the TMR
was supplemented with 10 000 IU of a-tocopherol/d.
The milk fat-depressing effect of monensin has been
attributed to the reduced ruminal production of
acetate and butyrate, the inhibition of ruminal BH of
LCFA and the enhanced supply of trans-10, cis-12
CLA to the mammary gland (Fellner et al., 1997; Van
der Werf et al., 1998; Bauman and Griinari, 2001).
Trans-10, cis-12 CLA is thought to be responsible for
milk fat depression (Baumgard et al., 2000). The
increased concentration of trans-10, cis-12 CLA with
the WCS+M diet can be kept responsible for
decreasing the synthesis of MCFA (Baumgard et al.,
2000). Literatures indicate that cis-9, trans-11 CLA
have numerous health benefits including reduction of
body fat mass, anticarcinogenic, antiatherogenic,
antidiabetogenic and immune modulating effects.
Therefore, nutritional strategies that increase its
content in milk fat of dairy cows are of interest.
Supplementing dairy cows’ ration with vitamin E and
monensin is one such a strategy (Pottier et al., 2006;

Fatahnia et al., 2010).

The concentrations of saturated fatty acids (SFA),
USFA, MUFA and PUFA were affected by the dietary
treatments (p<0.05; Table 4). The concentration of

SFA was numerically higher, whereas USFA and

2014

LCFA were numerically lower in milk fat of the cows
fed the vitamin E diet than those fed the other diets
(Table 4).

Conclusion

In this study, monensin and vitamin E
supplementations had no effects on milk yield, but
decreased milk fat concentration. Concentrations of
trans-11 18:1, cis-9, trans-11 CLA and trans-10, cis-12
CLA were affected by the dietary treatments. The
results of this study showed that supplementation of
vitamin E (at 12 000 IU/cow day) or monensin (at 24
mg of monensin/kg of DM) did not have any effect on
milk fat concentration when whole cottonseed is
included in the diet whereas affected milk fat

compositions.

References

Adams AL, Harris BJr, Van Horn HH, Wilcox
CJ. 1995. Effect of varying forage types on milk
production responses to whole cottonseeds, tallow
and yeast. Journal of Dairy Science 78, 573—581.
http://dx.doi.org/10.3168/jds.S00220302(95)76668-

1

Alzahal O, Odongo NE, Mutsvangwa TM,
Orrashid M, Duffield TF, Bagg R, Dick P,
Vessie G, McBride BW. 2008. Effects of monensin
and dietary soybean oil on milk fat percentage and
milk fatty acid profile in lactating dairy cow. Journal
of Dairy Science 91, 1166—1174.
http://dx.doi.org/10.3168/jds.2007-0232

Anderson MJ, Adams DC, Lamb RC, Walters
JL. 1979. Feeding whole cottonseed to lactating dairy

cows. Journal of Dairy Science 62, 109.

Bauman DE, Griinari JM. 2003. Nutritional
regulation of milk fat synthesis. Annual Review of
Nutrition 23, 203-227.
http://dx.doi.org/10.1146/annurev.nutr.23.011702.07
3408

Bauman DE, Lock AL, Corl BA, Ip C, Salter

428 | Besharati and Taghizadeh


http://dx.doi.org/10.3168/jds.S00220302(95)76668-1
http://dx.doi.org/10.3168/jds.S00220302(95)76668-1
http://dx.doi.org/10.3168/jds.2007-0232
http://dx.doi.org/10.1146/annurev.nutr.23.011702.073408
http://dx.doi.org/10.1146/annurev.nutr.23.011702.073408

AM, Parodi PW. 2006. Milk fatty acids and human
health: Potential role of conjugated linoleic acid and
trans fatty acids. Pages 523—-555 in Ruminant
Physiology: Digestion, Metabolism and Impact of
Nutrition on Gene Expression, Immunology and
Stress. K. Sejrsen, T. Hvelplund, and M. O. Nielsen,
ed. Wageningen Academic Publishers, Wageningen,
the Netherlands.

Bauman DE, Griinari JM. 2001. Regulation and
of milk fat:

syndrome. Livestock Production Science 70, 15—29.

nutritional manipulation low-fat

http://dx.doi.org/10.1016/S0301-6226(01)00195-6

Baumgard LH, Corl BA, Dwyer DA, Bauman
DE. 2000. Identification of the CLA isomer that
inhibits milk fat synthesis. American Journal of

Physiology 278, 179—184.

Belibasakis NG, Tsirgogianni D. 1995. Effect of
whole cottonseed on milk yield, milk composition,
and blood components of dairy cows in hot weather.
Animal Feed Science and Technology 52, 227-235.
http://dx.doi.org/10.1016/0377-8401(94)00725-0O

Bell JA, Griinari JM, Kennelly JJ. 2006. Effect
of safflower oil, flaxseed oil, monensin, and vitamin E
on concentration of conjugated linoleic acid in bovine
milk fat. Journal of Dairy Science 89, 733—748.
http://dx.doi.org/10.3168/jds.S00220302(06)72135-
X

Bitman J, Wood DL, Miller RH, Tyrrell HF,
Reynolds CK, Baxter HD. 1996. Comparison of
milk and blood lipids in Jersey and Holstein cows fed
total mixed rations with or without whole cottonseed.
Journal of Dairy Science 79, 1596—1602.

http://dx.doi.org/10.3168/jds.S00220302(96)76522-

(0]

Charmley E, Nicholson JWG. 1994. Influence of
dietary fat source on oxidative stability and fatty acid
composition of milk from cows receiving a low or high
level of dietary vitamin E. The Canadian Journal of

Animal Science 74, 657-664.

2014

http://pubs.aic.ca/doi/abs/10.4141/cjas94-095

Clark PW, Armentano LE. 1993. Effectiveness of
neutral detergent fiber in whole cottonseed and dried
distillers grains compared with alfalfa haylage.
Journal of Dairy Science 76, 2644-2650.
http://dx.doi.org/10.3168/jds.S00220302(93)77600-
6

Coppock CE, Lanham JK, Horner JL. 1987. A
review of the nutritive value and utilization of whole
cottonseed, cottonseed meal and associated by-
products by dairy cattle. Animal Feed Science and
Technology 18, 89.
http://dx.doi.org/10.1016/0377-8401(87)90041-1

Da Silva DC, Santos GT, Branco AF, Damaseno
JC, Kazama R, Matsushita M, Horst JA, Dos
BR, Petit HV.

performance and milk composition of dairy cows fed

Santos 2007. Production
whole or ground flaxseed with or without monensin.
Journal of Dairy Science 90, 2928—2936.

http://dx.doi.org/10.3168/jds.2006-573

DePeters EJ, Taylor SJ, Franke AA, Aquirre A.
1985. Effects of feeding whole cottonseed on
composition of milk. Journal of Dairy Science 68,
897.
http://dx.doi.org/10.3168/jds.S00220302(85)80907
-3

Dhiman TR, Satter LD. 1995. Feeding heat treated
cottonseed to lactating dairy cows. Journal of Dairy

Science 78, 296, Abst.

Duffied TF, Bagg RN. 2000. Use of ionophores in
lactating dairy cattle. A review. The Canadian

Veterinary Journal 41, 388—304.

Dye BE, Amose HE, Froetschel MA. 1988.
Influence of lasalocid on rumen metabolites, milk
production, milk composition, and digestibility in
lactating cows. Nutrition reports international 38,

101-115.

429 | Besharati and Taghizadeh


http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1016/0377-8401%2894%2900725-O
http://dx.doi.org/10.3168/jds.S00220302(06)72135-X
http://dx.doi.org/10.3168/jds.S00220302(06)72135-X
http://dx.doi.org/10.3168/jds.S00220302(96)76522-0
http://dx.doi.org/10.3168/jds.S00220302(96)76522-0
http://pubs.aic.ca/doi/abs/10.4141/cjas94-095
http://dx.doi.org/10.3168/jds.S00220302(93)77600-6
http://dx.doi.org/10.3168/jds.S00220302(93)77600-6
http://dx.doi.org/10.1016/0377-8401%2887%2990041-1
http://dx.doi.org/10.3168/jds.2006-573
http://dx.doi.org/10.3168/jds.S00220302(85)80907-3
http://dx.doi.org/10.3168/jds.S00220302(85)80907-3

E, Hosseini AR,
Darmani Kohi H, Zamiri MJ. 2010. Effect of

Fatahnia F, Rowghani

different levels of monensin in diets containing whole
cottonseed on milk production and composition of
lactating dairy cows. Iranian Journal of Veterinary

Research 11, 206—213.

Fellner V, Sauer FD, Kramer KG. 1997. Effect of

nigericin, monensin, and tetronasin on

biohydrogenation in continuous flow-through
ruminal fermenters. Journal of Dairy Science 80,
921—-928.

http://dx.doi.org/10.3168/jds.S00220302(97)76015-

6

Focant M, Mignolet E, Marique M, Calbots F,
Breyne F, Dalemans D, Larondelle Y. 1998. The
effect of vitamin E supplementation of cow diets
containing rapeseed and linseed on the prevention of
milk fat oxidation. Journal of Dairy Science 81,
1095-1101.

http://dx.doi.org/10.3168/jds.S00220302(98)75671-

1

Grummer RR. 1991. Effect of feed on the
composition of milk fat. Journal of Dairy Science 74,
3244-3257.
http://dx.doi.org/10.3168/jds.S00220302(91)78510-
X

Harfoot CG, Hazelwood GP. 1988. Lipid
metabolism in the rumen. In: Hobson, PN and
Stewart, CS (Eds.), The rumen microbial ecosystem.
(2nd Edn.), London, UK, Blackie Academic and

Professional. 285-322 p.

Harrison JH, Kincaid RL, McNamara JP,
Waltner S, Loney KA, Riley RE, Cronrath JD.
1995. Effect of whole cottonseed and calcium salts of
long-chain fatty acids on performance of lactating
dairy cows. Journal of Dairy Science 78, 181-193.

http://dx.doi.org/10.3168/jds.S00220302(95)76628-

[0)

Harvatine DI, Firkins JL, Eastridge ML. 2002.

2014

Whole linted cottonseed as a forage substitute fed
with ground or steam-flaked corn: digestibility and
performance. Journal of Dairy Science 85, 1976-1987.
http://dx.doi.org/10.3168/jds.S00220302(02)74274-
4

Ipharraguerre IR, Clark JH. 2003. Usefulness of
ionophores for lactating dairy cows: a review. Animal
Feed Science and Technology 106, 39-57.
http://dx.doi.org/10.1016/S0377-8401(03)00065-8

Kajikawa H, Odai M, Saitoh M, Abe A. 1991.
Effect of whole cottonseed on ruminal properties and
lactation performance of cows with different rumen
fermentation patterns. Animal Feed Science and
Technology 34, 203—212.
http://dx.doi.org/10.1016/0377-8401(91)90111-5

Kay LK, Roche JR, Kolver ES, Thamson NA,
Baumgard LH. 2005. A comparasion between
feeding systems (pasture and TMR) and the effect of
vitamin E supplementation on plasma and milk fatty
acid profiles in dairy cows. Journal of Dairy Research
72, 322-332.
http://dx.doi.org/10.1017/80022029905000944

Khodamoradi SH, Fatahnia F, Taherpour K,
Pirani V, Rashidi L, Azarfar A. 2012. Effect of
monensin and vitamin E on milk production and
composition of lactating dairy cows. Journal of
Animal Physiology and Animal Nutrition 97(4), 666-
674.
http://dx.doi.org/10.1111/j.1439-0396.2012.01307.X

Mansbridge R, Blake JS. 1997. Nutritional factors
affecting the fatty acid composition of bovine milk.
British Journal of Nutrition 78, 37—47.
http://dx.doi.org/10.1079/BIN19970133

McGuffey RK, Richardson LF, Wilkinson JID.
2001. Ionophores for dairy cattle: Current status and
future outlook. Journal of Dairy Science 84, 194—
203.
http://dx.doi.org/10.3168/jds.S00220302(01)70218-
4

430 | Besharati and Taghizadeh


http://dx.doi.org/10.3168/jds.S00220302(97)76015-6
http://dx.doi.org/10.3168/jds.S00220302(97)76015-6
http://dx.doi.org/10.3168/jds.S00220302(98)75671-1
http://dx.doi.org/10.3168/jds.S00220302(98)75671-1
http://dx.doi.org/10.3168/jds.S00220302(91)78510-X
http://dx.doi.org/10.3168/jds.S00220302(91)78510-X
http://dx.doi.org/10.3168/jds.S00220302(95)76628-0
http://dx.doi.org/10.3168/jds.S00220302(95)76628-0
http://dx.doi.org/10.3168/jds.S00220302(02)74274-4
http://dx.doi.org/10.3168/jds.S00220302(02)74274-4
http://dx.doi.org/10.1016/S0377-8401%2803%2900065-8
http://dx.doi.org/10.1016/0377-8401%2891%2990111-5
http://dx.doi.org/10.1017/S0022029905000944
http://dx.doi.org/10.1111/j.1439-0396.2012.01307.x
http://dx.doi.org/10.1079/BJN19970133
http://dx.doi.org/10.3168/jds.S00220302(01)70218-4
http://dx.doi.org/10.3168/jds.S00220302(01)70218-4

McNamara JP, Harrison JH, Kincaid RL,
Waltner SS. 1995. Lipid metabolism in adipose
tissue of cows fed high fat diets during lactation.
Journal of Dairy Science 78, 2782—2796.

http://dx.doi.org/10.3168/jds.S00220302(95)76909-

o

Mooney CS, Allen MS. 1997. Physical effectiveness
of the neutral detergent fiber of whole linted
cottonseed relative to that of alfalfa silage at two
lengths of cut. Journal of Dairy Science 80, 2052-
2061.

http://dx.doi.org/10.3168/jds.S00220302(97)76150-

2

Neville MC, Picciano MF. 1997. Regulation of milk
lipid secretion and composition. Annual Review of
Nutrition 17, 159—184.
http://dx.doi.org/10.1146/annurev.nutr.17.1.159

NRC. 2001. Nutrient requirments of dairy cattle. 7th
Edn., National Research Council, National Academy
of Sciences, Washington, D.C., USA.

Odongo NE, Or-rashid MM, Bagg R, Vessie G,
Dick P, Kebreab E, France J, McBride BW.
2007. Long-term effects of feeding monensin on milk
fatty acid composition in lactating dairy cows. Journal
of Dairy Science 90, 5126—5133.
http://dx.doi.org/10.3168/jds.2007-0242

Osborne JK, Mutsvangwa T, Alzahal O,
Duffield TF, Bagg R, Dick P, Vessie G, McBride
B.W. 2004. Effects of monensin on ruminal forage
degradability and total tract diet digestibility in
lactating dairy cows during grain-induced subacute
ruminal acidosis. Journal of Dairy Science 87, 1840—
1847.
http://dx.doi.org/10.3168/jds.S00220302(04)73341-
X

Palmquist DL, Jenkins TC. 1980. Fat in lactation

rations: a review. Journal of Dairy Science 63, 1-14.

Parodi PW. 2004. Milk fat in human nutrition. The

2014

Australian Journal of Dairy Technology 59, 3—59.

Phipps RH, Wilkinson JID, Jonker LJ,
Tarrant M, Jones AK, Hodge A. 2000. Effect of
monensin on milk production of Holstein-Friesian
dairy cows. Journal of Dairy Science 83, 2789—2794.

http://dx.doi.org/10.3168/jds.S00220302(00)75176-
9

Pires AV, Eastridge M.L, Firkins JL, Lin YC.
1997. Effects of heat treatment and physical
processing of cottonseed on nutrient digestibility and
production performance by lactating cows. Journal of
Dairy Science 80, 1685-1694.
http://dx.doi.org/10.3168/jds.S00220302(97)76100-
9

Pottier J, Focant M, Debier C, De Buysser G,
Goffe C, Mignolet E, Froidmont E, Larondelle
Y. 2006. Effect of dietary vitamin E on rumen
biohydrogenation pathways and milk fat depression
in dairy cows fed high-fat diets. Journal of Dairy
Science 89, 685-692.

http://dx.doi.org/10.3168/jds.S00220302(06)72131-

2

Ramanzin M, Bailoni L, Schiavon S, Bittante
G. 1997. Effect of monensin on milk production and
efficiency of dairy cows fed two diets differing in
forage to concentrate ratios. Journal of Dairy Science
80, 1136—1142.
http://dx.doi.org/10.3168/jds.S00220302(97)76040-
5

Ramaswamy N, Baer RJ, Shingoethe DJ,
Hippen AR, Kasperson KM, Whitlock LA.

2001. Composition and Flavor of milk and butter

from cows fed fish oil, extruded soybeans or their
combination. Journal of Dairy Science 84, 2144—
2151.

http://dx.doi.org/10.3168/ids.S00220302(01)74659-

[0)

Ruiz R, Albrecht GL, Tedeschi LO, Jarvis G,
Russell JB, Fox DG. 2001. Effect of monensin on

the performance and nitrogen utilization of lactating

431 | Besharati and Taghizadeh


http://dx.doi.org/10.3168/jds.S00220302(95)76909-0
http://dx.doi.org/10.3168/jds.S00220302(95)76909-0
http://dx.doi.org/10.3168/jds.S00220302(97)76150-2
http://dx.doi.org/10.3168/jds.S00220302(97)76150-2
http://dx.doi.org/10.1146/annurev.nutr.17.1.159
http://dx.doi.org/10.3168/jds.2007-0242
http://dx.doi.org/10.3168/jds.S00220302(04)73341-X
http://dx.doi.org/10.3168/jds.S00220302(04)73341-X
http://dx.doi.org/10.3168/jds.S00220302(00)75176-9
http://dx.doi.org/10.3168/jds.S00220302(00)75176-9
http://dx.doi.org/10.3168/jds.S00220302(97)76100-9
http://dx.doi.org/10.3168/jds.S00220302(97)76100-9
http://dx.doi.org/10.3168/jds.S00220302(06)72131-2
http://dx.doi.org/10.3168/jds.S00220302(06)72131-2
http://dx.doi.org/10.3168/jds.S00220302(97)76040-5
http://dx.doi.org/10.3168/jds.S00220302(97)76040-5
http://dx.doi.org/10.3168/jds.S00220302(01)74659-0
http://dx.doi.org/10.3168/jds.S00220302(01)74659-0

dairy cows consuming fresh forage. Journal of Dairy
Science 84, 1717-1727.
http://dx.doi.org/10.3168/jds.S00220302(01)74607-
3

Russell JB. 2002. Rumen Microbiology and its Role
in Ruminant Nutrition. Cornell University Press,
Ithaca, NY, USA.

Sauer FD, Fellner V, Kinsman R, Kramer JKG,
Jackson HA, Lee AJ, Chen S. 1998. Methane
output and lactation response in Holstein cattle with
monensin or unsaturated fat added to the diet.

Journal of Animal Science 76, 906—914.

Smith NE, Collar LS, Bath DL, Dunkley WL,
Franke AA. 1981. Digestibility and effects of whole
cottonseed fed to lactating dairy cows. Journal of
Dairy Science 64, 2209-2215.
http://dx.doi.org/10.3168/jds.S00220302(81)82831-
Z

Smith WA, Harris B, Van Horn HH, Wilcox
CJ. 1993. Effect of forage type on production of dairy
cows supplemented with whole cottonseed, tallow,
and yeast. Journal of Dairy Science 76, 205—215.

http://dx.doi.org/10.3168/jds.S00220302(93)77339-

2014

Van der Werf JHJ, Jonker LJ, Oldenbroek JK.
1998. Effect of monensin on milk production by
Holstein and Jersey cows. Journal of Dairy Science
81, 427-433.
http://dx.doi.org/10.3168/jds.S00220302(98)75593-
6

Van Nevel CJ, Demeyer DI. 1995. Lipolysis and
biohydrogenation of soybean oil in the rumen in
vitro: inhibition by antimicrobials. Journal of Dairy
Science 78, 2797—2806.
http://dx.doi.org/10.3168/jds.S00220302(95)76910-
7

Wilks DL, Coppock CE, Brooks KN, Gates CE.
1991. Effect of differences in starch content of diets
with whole cottonseed or rice bran on milk casein.
Journal of Dairy Science 74, 1314—1320.
http://dx.doi.org/10.3168/jds.S00220302(91)78287-
8

Wu Z, Huber JT, Chan SC, Simas JM, Chen
KH, Varela JG, Santos F, Fontes CJr, Yu P.
1994. Effect of source and amount of supplemental fat
on lactation and digestion in cows. Journal of Dairy
Science 77, 1644-1651.

http://dx.doi.org/10.3168/jds.S00220302(94)77106-

Z

Turpeinen AM, Mutanen M, Antti A, Salminen
I, Basu S, Palmquist DL, Griinari JM. 2002.
Bioconversion of vaccenic acid to conjugated linoleic
acid in humans. The American Journal of Clinical

Nutrition 75, 504—510.

X

Yang CMJ, Russell JB. 1993. Effect of monensin
on the specific activity of ammonia production by
ruminal bacteria and disappearance of amino
nitrogen from the rumen. Applied and Environmental

Microbiology 59, 3250—3254.

432 | Besharati and Taghizadeh


http://dx.doi.org/10.3168/jds.S00220302(01)74607-3
http://dx.doi.org/10.3168/jds.S00220302(01)74607-3
http://dx.doi.org/10.3168/jds.S00220302(81)82831-7
http://dx.doi.org/10.3168/jds.S00220302(81)82831-7
http://dx.doi.org/10.3168/jds.S00220302(93)77339-7
http://dx.doi.org/10.3168/jds.S00220302(93)77339-7
http://dx.doi.org/10.3168/jds.S00220302(98)75593-6
http://dx.doi.org/10.3168/jds.S00220302(98)75593-6
http://dx.doi.org/10.3168/jds.S00220302(95)76910-7
http://dx.doi.org/10.3168/jds.S00220302(95)76910-7
http://dx.doi.org/10.3168/jds.S00220302(91)78287-8
http://dx.doi.org/10.3168/jds.S00220302(91)78287-8
http://dx.doi.org/10.3168/jds.S00220302(94)77106-X
http://dx.doi.org/10.3168/jds.S00220302(94)77106-X

