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Abstract
This study aimed to investigate the impact of feeding by different corn silage (CS) proportions on
ewes milk yield and fatty acids composition. Twenty-one lactating Assaf ewes were divided into 3 groups
(7 ewes each). The following dietary treatments based on increasing the proportion of CS in the total
mixed ratio (TMR) were tested; (1) 47 % AH (0 % CS in the TMR) correspond to 0 % CS, (2) 23.5 %
AH (23.5 % CS in the TMR) correspond to 50 % CS, and (3) 0 % AH (47 % CS in the TMR) correspond
to 100 % CS. After 8 weeks of feeding, the type of diet had no significant effect on milk yield and solid;
however, it significantly affects the milk fat. The levels of C8:0 and C14:0 were not affected by different
silage levels. While the C10:0 and C12:0 significantly increased when fed on a 100 % CS diet. However,
a significantly lower level of C16:0 (33.22 %) was observed in the 100 % CS compared to feeding on
silage at 50 and 0 % (40.66 and 37.98 %, respectively). Similar trend was observed for C18:0, the lowest
was in 100 % CS compared with the different feeding diets (7.52, 12.69, 10.61 % for 100, 50, 0 %,
respectively). Total USFA in milk were decreased (p < 0.05) by feeding 100 and 50 % CS compared to 0
% CS feeding. It can be concluded that the replacement of alfalfa with CS had some influence on milk
composition, especially the fatty acids profile.
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Introduction
The main source of feed for dairy sheep is pastures, especially during lactation. However, indoor
feeding is practiced in many countries in the Middle East. Other sources of feeds are used in dairy sheep
feeding as the productivity of pastures is variable. Hay, silage, and concentrates are the main feeds used
in large dairy sheep operations with high milk production [1]. Corn (Zea mays) whole-plant silage is an
important feed ingredient in lactating ruminants in many world regions [2]. Compared to legumes,
corn silage (CS) contains higher amounts of starch, making it an interesting means to improve ruminants'
general performance by reducing the feed energy lost in methanogenesis. The fat content and the fatty
acid profile of milk depend on diet composition, animal and environment [3] and are largely influenced
by pasture plants. CS and corn grains have a low concentration of fatty acids (FA). However, because of
their high inclusion rate in lactating ruminant diets, they contribute substantially to total unsaturated fatty
acids (UFA) intake. The predominant long-chain FA in corn silage is commonly reported to be C18:2. It
is recommended to reduce the unsaturated fatty acids (C18:2) in the rumen to minimize the risk of
biohydrogenation induced milk fat depression [4]. Several studies have shown that milk and dairy
products are the major sources of saturated fatty acids (SFA) in the human diet [5,6], where dairy
products remain an important source of FA of nutritional interest in human nutrition, especially
conjugated linoleic acid and omega-3 [7]. The diet of ruminants can alter the composition of milk fatty
acids [8]. It is interesting to control the diet of the ewe in order to improve the nutritional composition of
milk fatty acids. The composition of milk can be considerably modified by changes in the diet, among
which the fat content and fatty acid profile are the most variable and sensitive to changes in diet [9-11].
Replacing alfalfa hay (AH) with CS in the diet would increase dietary starch supply and improve the
ruminal environment, which would enhance the animals’ performance (i.e., lower ruminal pH and acetate:
propionate ratio) less favourable to methanogenesis, which would result in lower CH4 energy losses in
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dairy cows. Therefore, the objective of this study was to determine the effects of replacing AH with CS in
lactating Assaf ewes’ diets on feed intake, milk production, milk quality, and milk fatty acid profile.
Materials and methods
This study was conducted at the dairy farm of the Faculty of Agriculture and Veterinary Medicine,
Tulkarm, Palestine. The project was conducted after the approval of the Institutional Animal Care
Committee of An Najah National University.
Silage samples were collected from private corn (Zea mays L.) field at about 36 % DM by cutting
plants with a power cutter and chopping with a chipper/shredder before inoculation with silage
fermentation additive and packing in 20 L plastic barrels. The barrels were sealed with an air-tight lid and
placed in storage for 42 d. After the ensiling period, a sample from each barrel was collected, dried in an
oven at 40 °C for 48 h and ground to1 mm.

Table 1 Composition of corn silage (CS) used in the experiment.
Parameter
DM
OM
Crude protein
NDF
ADF
EE
pH
Lactic acid
Propionic acid
Butyric acid
Ammonia
Water soluble carbohydrates
Total FA
C18:2
C16:0
C18:1
C18:2
C18:3

% of total FA

%
36.0
93
10.9
50.0
28.0
2.70
3.60
3.30
0.15
0.24
1.11
1.98
2.31
1.19
15.90
18.60
51.50
7.30

Ewes, experimental design, and diets
Twenty-one lactating Assaf ewes were divided into 3 groups, with 7 ewes in each. The ewes were of
average body weight of 64 ± 3 kg/d and milk yield of 2.5 ± 0.2 kg/d. The experimental treatments were
based on increasing the proportion of the TMR (47:53 forage (alfalfa hay: concentrate ratio, DM basis) to
replace alfalfa hay (AH). The dietary treatments were (1) 47 % AH (0 % CS in the TMR), (2) 23.5 % AH
(23.5 % CS in the TMR), and (3) 0 % AH (47 % CS in the TMR) Table 2.
Ewes were housed in individual pens and had free access to drinking water. Feed consumption was
recorded daily by weighing feeds offered to and refused by the ewes. Samples of the rations, ingredients,
and refusals were collected daily and kept for later analysis. Composited samples of feed were ground to
pass a 1-mm screen using a Wiley mill (standard model 4; Arthur M. Thomas Co., Philadelphia, PA) and
analyzed for dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber
(ADF), ether extract (EE), and GE. Samples of CS were analyzed for ethanol, lactic acid, volatile fatty
acids (VFA), ammonia N, and water-soluble carbohydrates.
Chemical analyses for feed
CS (Table 1) and the experimental diets were analyzed (three samples from each ration) according
to procedures of AOAC [12] for DM (105 °C in a forced air oven for 24 h), organic matter (ash; weight
retained upon ashing at 550 °C for 8 h; #942.05), N (#976.06) and ether extract (EE; Soxhlet procedure,
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Soxtec System, TECATOR, Hoganas, Sweden; #920.29). Additionally, samples were analyzed for neutral
detergent fiber (aNDF; with use of a heat-stable amylase and sodium sulphite in the ND) and acid
detergent fiber (ADF; ANKOM 2000 fiber analyzer, ANKOM Technology Corporation, Macedon, NY,
USA) according to Van Soest et al. [13], (Table 2). Values for aNDF and ADF are expressed inclusive of
residual ash. The ME values were calculated based on NRC [14] feed composition tables.
Silage extracts were analyzed for water-soluble carbohydrates [15], lactic acid ([16], and for ethanol
using GLC (model 6850; Agilent Technologies Canada Inc., Mississauga, ON, Canada).
Table 2 Composition of the experimental diets.
Group
Concentrate

0 % CS

50 % CS

100 % CS

53

53

53

CS

0

23.5

47

AH

47.0

23.5

0

DM

54.0

64.4

84.5

CP

14.0

14.0

15.0

ADF

11.0

14.0

16.0

aNDF

27.0

22.0

21.0

Ash

5.0

5.7

6.7

Ca

1.21

1.15

1.15

P

0.64

0.70

0.68

ME (kcal/kg)

2780

2800

2810

3.2

3.1

3.4

C16:0

16.2

20.0

19.5

C16:1

0.56

1.2

1.25

C18:0

4.4

11.1

10.5

C18:1 trans

0.45

0.98

1.08

C18:1 cis

27.4

28.5

28.0

C18:2

40.0

29.1

31.3

C18:3

4.0

3.9

4.0

Others

7.5

6.9

6.8

Chemical analysis (DM basis)

Fat
g/ 100g of FA

Composition per 1 kg contained, yellow corn, 600 g/kg; soybean meal, 269 g/kg; wheat bran, 100 g/kg;
ammonium chloride, 3 g/kg; dicalcium phosphate, 6 g/kg; limestone, 17 g/kg; NaCl, 3 g/kg; premix, 1
g/kg (Composition per 1 kg contained, vitamin A, 2 000 000 IU; vitamin D3, 40 000 IU; vitamin E, 400
IU; Mn, 12.8 mg; Zn, 9.0 mg; I, 1.56 mg; Fe, 6.42 mg; Co, 50 mg; Se, 32mg plus an antioxidant); soap
stock, 1 g/kg.
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Milk quantity and quality
Ewes were milked twice daily at 6:00 am and 6:00 pm in their pens, and milk production was
recorded per milking during the entire feeding trial that lasted for 60 d. Milk samples were collected in a
sterile container from each ewe at each milking, stored at 4 °C for later analysis. All samples were sent to
the laboratory for chemical analysis (Department of Nutrition and Food Technology, at An-Najah
National University, Palestine), to be conducted on the same day of collection. Milk composition (fat,
SNF, density, protein, lactose, solids, and freezing point) was evaluated automatically using a milk
analyzer (MilkoScope Julie C8 Automatic, ScopeElectric®, Regensburg, German), according to the
manufacturer instructions. Milk pH was analyzed by using calibrated pH meter.
Milk fat extraction and GC analysis
Fat extraction and collection were according to the AOAC 989.05. 50 mL of a milk sample from
each treatment were first digested with 10 mL NH4OH 58 % and fat extracted from the residue by diethyl
and petroleum ether (1:1). The collected fat was kept at −18 °C for the FA profile analysis.
Statistical analysis
The collected data were analyzed by using JMP software 8.0 (SAS Institute, Cary, NC, USA, 1989)
[17], 2-way ANOVA, and the least significant difference test for mean comparisons were used.
Differences were considered to be significant at p < 0.05.
Results and discussion
Corn silage and experimental diets chemical composition
The chemical analysis and fatty acid profile of CS are presented in Table 1. The total FA as a percent
of DM was 2.31 %, while the percent of the FA C16:0, C18:1, C18:2 and C18:3 was 15.9, 18.6, 51.5 and 7.3
%, respectively. The content of dry and mineral matter, proteins, lipids, and fatty acids of different diets are
shown in Table 2. The amounts of dietary fatty acids varied according to the proportion of CS in feed
ingredients for each Assaf ewes group. The mineral matter was the same in all dietary treatments (5.0, 5.7,
6.7 % for 0, 50, 100 % CS diet, respectively). Diets with 50 and 100 % CS had higher levels of FA C16:0,
C16:1 and C18:0 (Table 2). However, type of forage (AH, CS) had no effects on C18:1-cis, and C18:3.
While, as the total replacement of corn silage increased in the feed tested group, it has been associated with
an increased DM and AFD . Conversely, the NDF was found to decrease.
The CS total FA as a percent of DM was 2.31 (Table 1), while the percent of the FA C16:0, C18:1,
C18:2 and C18:3 was 15.9, 18.6, 51.5 and 7.3 %, respectively. Little information available about FA profiles
for the whole corn plant silage as most research dealt with grains of various corn strains. Generally, CS and
corn grain are characterized as low fatty acids concentrated plants (18). However, the high inclusion rate in
diets, corn contributes greatly to unsaturated FA intake [18].
Milk yield
Daily milk production for the different CS replacement ratio feed treatment groups were measured
during this study. Type of diet had no significant effect on milk yield. The average daily milk yield
ranged from 2.49 to 2.78 kg/d. Ewes fed the 100 % CS produced more milk (2.78 kg/d) compared to 2.6
and 2.49 kg/d from ewes fed 50 and 0 % CS, respectively.
Milk quality and compositions and pH
Milk pH increased (p < 0.05) when CS was partially or totally replaced by alfalfa hay starting from
the third week of the trial (Table 3). Complete replacement of alfalfa with CS resulted in a significant
increase in milk fat. This increase started after the 7th week of the feeding trial (Table 3). Similar milk fat
content was observed in milk of ewes fed alfalfa as total or partially replaced by CS. Results of this study
showed that diet ingredient composition had no effect on the milk SNF, density, protein, lactose, solids,
and freezing point.
The fatty acid profile of ewes’ milk is shown in Table 4. The levels of C8:0 and C14:0 were not
affected by silage levels. While the 100 % CS diet increased (p < 0.05) C10:0 and C12:0 compared to the
other dietary groups. However, diets had significant effects (p < 0.05) on C16:0 and C18:0. The lowest
level of C16:0 (33.22 %) was observed when feeding the 100 % CS compared to that when feeding silage
at levels of 50 and 0 % (40.66 and 37.98 %, respectively). A similar trend was observed in 100 % CS
where levels of C18:0 were the lowest among the different feeding diets (7.52, 12.69, 10.61 % for 100,
50, 0 %, respectively) Table 4. The level of CS had no effect on C18:1 trans and C18:2. However, the
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level of C18:1 cis was the lowest (p < 0.05) in the milk of ewes fed the 100 % CS. Total USFA in milk
was decreased (p < 0.05) by feeding 100 and 50 % CS compared to 0 % CS feeding (Table 4). Type of
diets had no effect on milk total SFA. The concentrations of SFA were 76.31, 75.89, and 73.7 % of milk
from ewes fed the 0, 50 and 100 % CS, respectively (Table 4).
The results of this study showed that diet ingredient composition did not affect milk density. However,
Belabbes et al. [19] reported a significant effect on density in the milk of ewes consuming different diets
with varying levels of concentrate.
Diets had no significant effect on the freezing point. In contrast, the type of diet caused significant
differences in ewes’ milk freezing point under different forage levels [19]. Diets did not affect the major
components of milk. Similar trends were observed by Bellabes [19]; forage type had no effects on milk
protein. However, lactose, the main component of milk dry matter, was the least affected by the type of
diet [20,21].
Sheep milk has high levels of protein, fat, minerals, and vitamins compared with milks of cow [22]
and contains conjugated linoleic acid, oleic acid, and vaccenic acid [23-25]. Increasing the grass levels in
diets had significant improvement of milk fat and protein levels [26].
Our results showed that the type of diet had an overall effect on fatty acids in sheep’s milk, which is
agreed with the results of [27,28]. At the same time, some researchers have shown that the diet does not
affect the proportion of some fatty acids such as C14: 0 and C16: 0.
Milk fat and quality are influenced by the type of diet [29,30]. Conserved and processed forages
affect milk composition, but this effect is lower than natural pastures [31-33].
The levels of C8:0 and C14:0 were not affected by silage levels. In comparison, the 100 % CS diet
increased levels of C10:0 and C12:0 compared to the other dietary groups. However, diets had significant
effects on C16:0 and C18:0. The lowest level of C16:0 (33.22 %) was observed when feeding the 100 %
CS compared to that when feeding silage at levels of 50 and 0 % (40.66 and 37.98 %, respectively). A
similar trend was observed in 100 % CS where levels of C18:0 were the lowest among the different
feeding diets (7.52, 12.69, 10.61 % for 100, 50, 0 %, respectively).
The level of CS did not affect C18:1 trans and C18:2. However, the level of C18:1 cis was the
lowest (p < 0.05) in the milk of ewes fed the 100 % CS. Total USFA in milk was decreased (p < 0.05) by
feeding 100 and 50 % CS compared to 0 % CS feeding.
Type of diets did not affect milk total SFA. The concentrations of SFA were 76.31, 75.89, and 73.7
% of milk from ewes fed the 0, 50 and 100 % CS, respectively (Table 3 The differences in FA content
are associated with forage processing [34]. The ensiling process reduced the PUFA in silage via lipolysis
and oxidation during the ensiling and drying process [34]. It could also be attributed to the complex
fermentation process in the ensiling process.
The most abundant SFA was palmitic acid (C16:0), followed by stearic acid (C14), then the myristic
acid (C18:0). These results are partially agreed by previous research where the values of palmatic were
the highest, followed myrestic acid and stearic acid [18].
Results of this study also showed that forage type did not have a significant effect on the SF. The
processing method (ensiling, haymaking) resulted in significant changes in the total amount of cis-MUFA
but not the trans-isomers. Similarly, Baldin et al. [18] reported that the processing of forage led to
changes in the total amount of trans-MUFA.
In the current study, milk from sheep-fed AH showed 25 % more cis-c18:1 than 100 % CS. However, the
trans- c18:1 had similar values. Type of forage had a similar effect on the C18:2. Type of diet had no
modification on PUFA; however, previous research showed that the conserved forage type used for sheep
feeding modified the total PUFA content [19].
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Table 3 Effect of different corn silage (CS) levels on milk composition of sheep Assaf ewes.

Fat
(%)

SNF (%)

Density

Protein
(%)

Lactose
(%)

Solids
(%)

F.P (ºC)

Milking (weeks)

CS
(%)

0

2

4

6

8

0

5.60 ± 0.14

5.63 ± 0.16

5.66 ± 0.17

5.69 ± 0.19

5.76 ± 0.19

50

5.63 ± 0.12

5.70 ± 0.15

5.78 ± 0.17

5.86 ± 0.17

5.93 ± 0.16 a

100

5.68 ± 0.13

5.80 ± 0.09

5.89 ± 0.05

5.96 ± 0.09

6.07 ± 0.10 a,b

0

9.70 ± 0.14

9.74 ± 0.11

9.72 ± 0.07

9.78 ± 0.12

9.80 ± 0.10

50

9.75 ± 0.13

9.79 ± 0.10

9.80 ± 0.08

9.83 ± 0.08

9.88 ± 0.07

100

9.74 ± 0.18

9.79 ± 0.11

9.79 ± 0.12

9.79 ± 0.11

9.82 ± 0.11

0

33.63 ± 1.03

32.74 ± 0.50

32.68 ± 0.97

32.60 ± 0.63

33.02 ± 0.70

50

32.50 ± 0.75

32.55 ± 0.72

32.38 ± 0.53

32.74 ± 0.78

32.43 ± 0.62

100

32.15 ± 0.68

32.58 ± 0.32

32.32 ± 0.78

32.54 ± 0.66

31.89 ± 0.71

0

3.53 ± 0.02

3.55 ± 0.02

3.55 ± 0.02

3.55 ± 0.02

3.56 ± 0.01

50

3.54 ± 0.03

3.56 ± 0.02

3.56 ± 0.01

3.57 ± 0.02

3.57 ± 0.01

100

3.54 ± 0.03

3.56 ± 0.01

3.56 ± 0.01

3.56 ± 0.02

3.57 ± 0.02

0

5.42 ± 0.11

5.42 ± 0.07

5.41 ± 0.05

5.43 ± 0.07

5.46 ± 0.07

50

5.44 ± 0.10

5.47 ± 0.08

5.46 ± 0.06

5.48 ± 0.07

5.52 ± 0.07

100

5.44 ± 0.11

5.45 ± 0.09

5.45 ± 0.12

5.45 ± 0.11

5.45 ± 0.10

0

0.75 ± 0.03

0.76 ± 0.03

0.76 ± 0.03

0.77 ± 0.04

0.77 ± 0.05

50

0.76 ± 0.02

0.77 ± 0.02

0.78 ± 0.01

0.77 ± 0.01

0.78 ± 0.02

100

0.75 ± 0.01

0.78 ± 0.02

0.77 ± 0.02

0.78 ± 0.01

0.80 ± 0.01

0

−0.63 ± 0.03

−0.63 ± 0.03

−0.64 ± 0.02

−0.63 ± 0.03

−0.64 ± 0.02

50

−0.61 ± 0.04

−0.62 ± 0.02

−0.62 ± 0.02

−0.63 ± 0.02

−0.63 ± 0.03

100

−0.63 ± 0.03

−0.63 ± 0.03

−0.63 ± 0.04

−0.63 ± 0.02

−0.63 ± 0.03

“a” The mean value is significant different compering to the control at 0 week at the same level of corn
silage (p < 0.05). “b” The mean value is significant different compering to the same week at 0 % corn
silage (p < 0.05).
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Table 4 Effect of different corn silage (CS) levels on the fatty acid profile of sheep Assaf ewes.
Fatty acid (%)

Corn silage level (%)
0 % CS

50 % CS

100 % CS

C8:0

2.07 ± 0.40

1.61 ± 0.33

2.12 ± 0.60

C10:0

7.87 ± 1.59

6.71 ± 0.94

10.98 ± 1.29a

C12:0

4.31 ± 1.38

2.89 ± 0.63

5.65 ± 0.27a

C14:0

13.55 ± 1.87

11.33 ± 1.57

14.21 ± 1.32

C16:0

37.98 ± 2.63

40.66 ± 2.78

33.22 ± 2.76a

C18:0

10.61 ± 0.66

12.69 ± 1.38

7.52 ± 0.98a

Sum SFA

76.31 ± 8.53

75.89 ± 7.63

73.7 ± 7.13

C16:1

0

0

0

C16:1

0

0

0

C18:2

1.46 ± 0.18

1.45 ± 0.21

1.65 ± 0.90

C18:1 Cis

23.87 ± 1.30

23.14 ± 1.33

17.75 ± 0.18a

C18:1Tranc

3.47 ± 0.32

4.22 ± 1.02

3.95 ± 0.87

Sum USFA

28.8 ± 1.8

24.81 ± 2.74

23.35 ± 1.95

“a” Mean value in the same row are significant different comparing to the control (p < 0.05).
Conclusions
Processed forages can be used as a cheap feed source when other sources of feed as pastures is
limited throughout the year. However, some advantages could be achieved regarding milk quality and
yield. Our achievement by using the low-cost alternative to diet supplementation strategies using corn
silage replacement of alfalfa. The replacement of alfalfa with CS positively influenced milk composition,
especially the fatty acids profile. Therefore the results could contribute to offering a low-cost alternative
way for producing different dairy products with a fatty acid profile suitable for human health, which is a
great interesting aspect to the food industries and livestock sector, especially in developing countries
where feeding cost is the main challenge facing the livestock husbandry
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