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Abstract
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The aim of the experiment was to test a simple and cheap system of ewe feeding with forages supplemented
with dry distiller’s grain with soluble (DDGS), as a source of protein and whole grains, as the source of energy,
compared with traditional diet of forage plus compound feed. One flock of 202 dairy ewes was divided into two
groups, equal in age, live weight, and body condition score (BCS), milk yield, and fertility in previous years of adult
sheep. First group of 101ewes were fed for 195 days, from December 12, 2007 to June 24, 2008, with forages
plus compound feed with sunflower meal as protein source. Second group received the same forages plus DDGS
and grain. The two diets were approximately equal in energy and crude protein. Lambing was from 4 of January
to 13 of February, 2008.  Both group grazed together limited pasture during months May and June and were
divided for additional feeding according to the experimental scheme. No significant differences was found in
average milk yield (81 vs. 82 kg per ewe, respectively for first and second group), milk composition, wool yield,
fertility of lambed ewes (1.42 vs. 1.45) and flock fertility (1.11 vs. 1.10), gain of lambs until weaning and techno-
logical characteristics of milk. In conclusion, DDGS plus whole grain is replacing successfully compound feed
with sunflower meal in diet of dairy ewes.

Key words: wheat distiller’s grain with soluble, dairy ewes, source of protein, systems of feeding, milk yield,
fertility
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Introduction

The augmentation of ethanol production from grain
leads to the increase of dried distiller’s grains, which
is used as feed for animals. In Bulgaria, the remaining
after the distillation of alcohol was used, in the past,
directly for animal feed having natural high moisture,
and it is known as wet distiller’s grains. By increasing

the amount of distiller’s grains drying is required to
facilitate the transport of long distance and the ratio-
nal use as feed.

 Firstly, part of the water was removed by means
of centrifugation and after that the resulting product
with 70 - 75% moisture was dried. Dried product is
called dried distiller’s grains (DDG). The liquid frac-
tion after condensing usually is added to the firm and
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the two factions are dried together to so-called dried
distiller’s grains with solubles (DDGS).

DDG and DDGS were rich of protein and fat con-
tent feed (Schingoethe, 2006a). The content of un-
saturated fatty acids in the DDG is relatively high, li-
noleic acid is 54.4% and linolenic  4.1 percent of total
fat (Lee et al., 1991).

The content of crude protein, fat and crude fiber is
approximately 2.7 times higher in DDG and DDGS
than in original grain because of hydrolysis and fer-
mentation of starch and subsequent distillation of the
resulting ethanol.

DDG is a good source of rumen undegraded pro-
tein (RUP). Most reported values ranged from 47%
to 57% RUP of total protein. Kleinchmit et al. (2005)
determined the RUP of five different sources of DDG
and found that RUP varied from 63.5 to 78.0%. In a
highly heat damaged during drying process  products
values were reported over 80% undegraded protein.

DDG and DDGS were characterized with rela-
tively high digestibility of nutrients (Lemenager et al.,
2006; Todorov et al. 2007) including the crude fiber.
Good digestibility and high fat content, determined
relatively high energy value of this feed ranging from
90 to 120% of that of the original grain, according to
various studies with ruminants.

In many previous studies replacement of DDG for
soybean meal into dairy cow diets was studied. The
milk yield and milk composition were not significantly
affected (Weiss et al.,1989; Cyriac et al., 2005;
Schingoethe, 2006b) or milk yield increases with in-
clusion of DDG in diets (Powers et al.,1995;
Kleinchmit et al., 2006; Pamp et al., 2006). Inclusion
of very large quantities DDG in some trials, however,
reduced milk yield (Van Horn et al., 1985). Owen
and Larson (1991) reported the results of a study
comparing DDG and soybean meal in diets for cows
in early lactation. Cows increased milk production
when DDG was fed at 18.8% of the diet DM, most
likely due to increased dietary RUP, but milk produc-
tion decreased when DDG was included at 35.8% of
the diet DM. The reason was probably in the lower
digestibility of protein and lysine shortages.

Data from meta-analysis of Kalscheur (2006) also

showed that inclusion of 4 to 30 percent DDG in-
creased milk yield, while higher inclusion rate tended
to decrease milk yield.

Inclusion of  DDG didn’t affect milk fat percent-
age significantly (Kalscheur, 2006), but increased un-
saturated fatty acids (Schingoethe et al., 1999;
Leonardi et al., 2005; Anderson et al., 2006).

Clark and Armentano (1993) found that high lev-
els of neutral detergent fiber (NDF) in DDG, allowed
to reduce to some extent roughages in the ration, with-
out causing a drop in fat content in milk of cows.

Limited research has been conducted with sheep.
Held (2006) found that using DDGS compared to
soybean meal showed no difference in ewe body con-
dition or suckling lamb live weight gain. Morricall
(2008) reported that DDGS can replace soybean meal
as protein source without affect on productivity of
dairy sheep.

Consequently, distiller’s grain is a relatively good
feed, which deserves attention in connection with the
rapidly increasing amounts offered in the country.

The purpose of these trials is to determine effect
of DDGS in ration of dairy ewe. DDGS was pro-
duced from wheat, which is the main raw material for
distillers industry in our country at present. DDGS is
used primarily as a source of protein in combination
with whole grain as source of energy in ration of dairy
sheep.

Materials and Methods

Experimental animals and their keeping. Ex-
periment was carried out with 202 ewes of  Synthetic
Bulgarian Dairy Population (SBDP) at the Agricul-
tural Institute, Stara Zagora. Sheep were divided into
two groups, equalized by age, live weight, body con-
dition score (BCS), milk yield and fertility in previous
years for adult sheep (except of primiparous ewes).
The experiment began on December 12, 2007 ended
June 24, 2008 and continued 195 days. Prior trial  all
ewes were kept completely in the same conditions.
Both groups of sheep were kept during the experi-
ment in one flock in order to ensure equal conditions
and avoid the influence of the shepherd and the dura-
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tion and conditions of grazing. Sheep were separated
to be fed according to the experimental scheme using
corridor and special sorting door. Lambing began on
4 January, 2008, but the main part of ewes gave birth
between 24 January and 13 February 2008.

Lambs were sucked average 57 days. After wean-
ing ewes were milked manually twice a day. Sheep
were housed in sheep barn with outside yard. Feed-
ing was performed mainly in  yard. Only in bad
weather the sheep were fed in barn. Grazing was lim-
ited to month of May and June in a relatively small
area and eight hour working day of the shepherds.
Pasture was close to the sheep farm.

Scheme of the experiment. Experiment was per-
formed by factorial method to asses the two schemes
of feeding. Ewes from the first group served for the
control and were fed according to the accepted prac-
tice in the farm. In the diet of the second group (ex-
perimental) were included dried distiller’s grains
(wheat) with solubles (DDGS).

The roughage was completely identical for both
experimental groups. The first (control) group received
additionally a compound feed, and the second (ex-
perimental) - DDGS and whole grains. Cereals grain
(not ground) were barley, wheat and small quantities
of maize.

Experiemental group of ewes receiving DDGS plus
grain throughout the experimental period had mixture
of minerals and vitamins placed in boxes for free con-
sumption. The composition of the blend was changed
depending on the need to supplement with calcium
the ration. Normally, it consisted of salt (33 to 50%),
limestone (0 to 67%) and vitamin and microelements
premix for sheep (33 to 50%). The premix was the
same, which was included in the compound feed for
control group.

Quantities of compound feed and the ratio between
grain and DDGS changed to balance the ration to the
needs of the sheep during the different periods of the
reproductive cycle according to standards of  Todorov
and Dardzhonov (1995). This way of feeding contin-
ued 195 days.

The component composition of the compound feed

and content of energy and nutrients in it are listed in
Table 1.

The chemical composition and nutritive value of
feed are given in Table 2. Data for the content of nu-
trients were from analysis. Energy content (FUM),
protein digestible in the intestines (PDI) and the bal-
ance of protein in the rumen (BPR) were taken from
the tables of Todorov et al. (2007). The choice of
tabular data were carried out, complying with the con-
tent of crude protein and crude fiber of feeds which
were used in the trial.
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Item Quan-
tities

Wheat 315
Corn 300
Sunflower meal, 35 % CP 370
Limestone 5
Salt 5
Premix* 5

Dry matter, g 871
Feed units for milk** 1.17
Crude protein, g 192
Protein truly digestible in small intestine, g** 107
Balance of protein in the rumen, g** 39
Ether extract, g 22
Crude fiber, g 82
Calcium, g 3.52
Phosphorus, g 6.49
* Premix  contains in 5 grams (in 1 kilograms 
compound feed): 10 000 IU vitamin A, 1 200 
IU vitamin D, 30 IU vitamin E, 10 mg thiamin 
(В1), 1 mg riboflavin (В2), 125 mg choline 
chloride, 50 mg magnesium, 107.5 mg iron, 
75 mg zinc,  0.2 mg selenium, 3.4 mg iodine and 2.03 
mg cobalt
** According to Bulgarian feed evaluation system 
(Todorov et al., 1995)

Table 1 
Data for the compound feed

Components, g.kg-1

1 kg compound feed contains:



Controlled parameters. Live weight of sheep
was measured at the beginning of the experiment, three
months after the lambing and at the end of the experi-
ment, after 12 hours food and water deprivation.

Body condition score (BCS) was carried out by
five points system (Todorov et al. 1994) and was es-
timated at the beginning of the experiment, one month
after lambing, three months after lambing and at the
end of the trial. BCS at the beginning and end of the
experiment was carried out by three experts and the
other time by two experts. Average values were taken
as definitive. Prior, experts have had equalized crite-
ria for body condition scoring.

Milk production was controlled through the milk-
ing period once per month.

Wool production was recorded individually with
accuracy up to 20 g. Previous year (prior experiment)
shearing was performed on 5 to 8 June, and during
the year of experiment on 12 to June 17, 2008. Du-
ration of the wool growth was 373 days and 195 days
coincide with the trial.

Reproductive activity was recorded individually
including: date of mating (by artificial insemination);
date of lambing, number, gender and live weight of
lambs at birth, date of weaning and live weight of lambs
at weaning. Furthermore, the dead born lambs and
lambs died after birth, were registered.

The feed intake was controlled for each group.
Concentrate was intake completely, without residue.
Residues of forages were collected once daily before
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DM, g.kg-1 292 271 265 862 243 908 879 880 872

- CP 87 189 135 34 237 339 94 122 127
- EE 30 39 38 18 68 55 37 20 19
- CF 234 307 287 429 178 67 26 58 26
- NDF 493 479 532 796 533 321 96 202 130
- ADF 288 365 368 529 210 94 38 77 41
- NFE 586 356 459 448 467 492 825 769 808
- Ash 63 109 81 71 50 47 18 31 20
- FUM*# 1 0.78 0.8 0.55 1.09 1.06 1.55 1.38 1.49
- PDI* 68 69 70 60 173 148 108 109 113
- BPR* -15 75 32 -52 19 61 -41 -34 -35
- Са 3.8 18.8 9.5 3.4 2.9 1.8 0.3 0.9 0.5
- Р 2.3 2.8 2.6 0.7 6.2 6.7 3.1 3.8 3.8

DDGS Corn 
grainItem Alfalfa 

silage
Wheat 
straw

Brewers 
grains

* A literature data (Todorov et al., 2007), according the Bulgarian feed evaluation system 
(Todorov et al., 1995)
# FUM units are in 1 kg DM

Table 2
Data for  feedstuffs used in trial

In DM, g.kg-1

Abbreviations: DM – dry matter, CP – crude protein, EE – Ether extract, CF – crude fiber, 
NDF – neutral detergent fiber, ADF – acid detergent fiber, NFE – nitrogen free extractives 
FUM – feed units for milk, PDI – protein truly digestible in small int

Barley 
grain

Wheat 
grain 

Oats 
and rape 

silage

Corn 
silage



morning feeding. Residues were very small, and some
days all forages were consumed.  The amount of dif-
ferent forages (straw or silage) was determined by
hand separation of the average representative sample
of residue (if any).

Analytical and statistical methods. The main
components of milk were determined by Milkoskan
103 (ElectroInstr, Koldak, Denmark). The content
of milk urea  was determined by the mikrodifusion
method of Conway, following the description of the
method of Angelov et al. (1999). Some technological
characteristics of the milk were determined by the
methods described by Slavchev et al. (2006).

The chemical analysis of the feed was made by
Weende-method, following description of Krasteva
et al. (1983). The neutral detergent fiber and acid
detergent fiber were determined according AOAS
(2007).

The significance of differences between the mean

values of both groups was determined by t-criterion
of Student using the program Statistica (2001).

Results and Discussion

Reproductive performance. The percentage of
lambed ewes for the two groups was approximately
the same (88 and 86% respectively for control and
experienced group).
Fertility (average number of born alive and dead lambs
from a lambed ewe) was 1.42 for the first group and
1.45 for the second group. Flock fertility was also
not different for both groups (Table 3).

The average daily gain of lambs in the suckling
period was 222 g in the first group and 224 g in the
second group. Different ways of feeding had no sig-
nificant impact on the live weight of lambs at birth and
at weaning, which was done at approximately the
same age. The lamb gain from one lambed ewe or
lamb gain from one ewe available at the beginning of

578 N. Dimova, I. Ivanova, M. Mihailova, N. Todorov and N. Naydenova

Items І group, with 
compound feed

II group, 
with DDGS

Number of sheep in the group at the beginning of the experiment (A) 101 101
Number of lambed ewes (B) 89 87
Live born lambs, number  117 122
Dead born lambs, number  9 4
Total born (alive and dead) lambs, number (C) 126 126
Fertility (C/B) 1.42 1.45
Dead lambs, number 5 11
Weaned lambs, number (D) 112 111
Flock fertility (D/A) 1.11 1.1
Live weight at birth, kg 4.47 4.39
Age of  weaning lambs, days 56.47 58.92
Live weight at weaning, kg (E) 17.02 17.58

Table 3  
Average reproductive performance * 

* The difference between the two groups were not statistically significant (P> 0.05)

Live weight weaning lambs from one ewe, kg (D.E/A)

Live weight weaning lambs from one lambed ewe, kg (D.E/B) 21.42 22.43

18.87 19.32



the experiment was also approximately the same.
These results were similar to those of Held (2006)
and Morricall (2008) studies which found no differ-
ence in milk yield, body condition score of ewes and
lamb gain when ewes fed traditional diet or diet with
DDGS.

Productive performance. The average daily milk
yield during the  expermental period was 1.14 kg in

control and 1.22 kg in experimental ewes. Milk pro-
duction from one ewe, and the average daily milk yield
were similar for both groups and not statistically sig-
nificant at P <0.05. Two ways of feeding had no sig-
nificant impact on the milk composition (Table 4). The
results are in accordance with data by Kalscheur
(2006) for dairy cows.

There was a slight tendency for a reduction of to-
tal protein content, and an increase of casein in the

milk of second group, receiving DDGS. Slightly lower
content of urea in the milk of second group (Table 3)
may be associated with lower balance of protein in
the rumen (BPR) in diet (Table 7). The milk urea, as
an indicator of meeting the protein requirements of
the ewes, was slightly lower than expected in com-
parison with data reported by Mikhailova (2008).

There were no significant differences (P>0.05) in
examined technological characteristics of the milk
(Table 5). The coagulation ability of milk was better
in the first group, but coagulation was slightly faster in
the second group, compared to the milk from control
sheep.
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Items І group, with 
compound feed

II group, 
with DDGS

Milking period, days 80.81 81.53
Milking production from one ewe, kg 92.32 99.28
Average daily milk production, kg 1.14 1.22
Milk composition:
 - Fat, g.kg-1 66.6 65.9
 - Protein, g.kg-1 57.1 55.8
 - Casein, g.kg-1 41.4 42.7
 - Lactose, g.kg-1 47.8 49.1
 - Fat free dry substance, g.kg-1 114.5 114.4

 - Dry matter, g.kg-1 181 180.3
 -  Urea, mg/100 ml 23.4 22.1
Daily yield of milk fat, g 75.92 80.4
Daily yield of milk protein, g 65.1 68.8
Wool production from one sheep, kg 2.69 2.82
* The differences are not significant at P <0.05.

Table 4 
Average productive performance of the experimental groups *

Density, 0D 35 35.3
Acidity, 0Т 24.8 24.3
Coagulation ability, s 328 368
Time of coagulation, h 2.11 1.83

Table 5 
Technological characteristics of the milk 
(Average data from 4 investigations 
of bulk milk of a group)

* The differences are not significant at P <0.05.

Items
І group, with 

compound 
feed

II group, 
with 

DDGS



The average wool production (Table 4) did not dif-
fer between the two groups (P> 0.05).

Despite the lack of reliable statistical differences in
milk yield and wool production, there was a tendency
for some better production performance in ewes re-
ceiving distiller’s grains.

Changes in the live weight and body condi-
tion score. As at the beginning and at the end of the
experiment, no significant differences in live weight and
the body condition score (BCS) of the ewes from the
two groups, were found (Table 6). There was a ten-
dency for greater reduction of live weight of ewes by
experienced group receiving DDGS in the first month
after lambing. These differences disappeared later.

At the beginning of the experiment, about one month
before the beginning of the lambing BCS was over 3
for both groups, which was desirable. After the lamb-
ing, as expected BCS reduced, but remained within
acceptable limits (Table 6).

The feed intake. Quantities of forages consumed
per ewe for the experimental period were similar for
both groups. The total quantity of concentrated feed

and supplements was 151.6 kg in the control group
(compound feed) and 160.08 kg in the group receiv-
ing distiller’s grains (Table 7). The dried distillers grains
was 72.27 kg, which was 23% of dry matter of har-
vested feed (without grass intake by grazing).

The ration for both groups was approximately the
same and met the requirements of nutrition standards
(Todorov and Dardzhonov, 1995).

The experimental group of ewes received slightly
(2.5%) more energy (feed units for milk) than the sheep
from the control group.

The second group intake more protein than the con-
trol one (crude protein is 1.35% more, and protein
truly digestible in small intestine is 7.65% more than in
the control group) (Table 7).

Because of the fact that the quantity and quality of
pasture was not recorded it was not possible to calcu-
late the expenses of feed, energy and nutrients per unit
of production. From an economic point of view is more
important the cost of harvested feed, which form the
main costs for animal feed.

Wheat dried distiller’s grains with solubles had cer-
tain advantages, as protein source, which have to be
tested in the precise physiological experiments.
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- At the beginning of the experiment (A) 67.78 66.89
- One month after lambing 57.55 53.26
- Three months after lambing 60.98 59.19
- At the end of the experiment (B) 59.79 58.40
- Difference: (B –  A) -7.99 -8.49

- At the beginning of the experiment
 (2 months before lambing) (А) 3.14 3.10
- One month after lambing (B) 2.79 2.68
- Three months after lambing (C) 3.19 3.11
- At the end of the experiment (D) 2.74 2.72
- Difference: (D –  A) -0.40 -0.38

Table 6 
Average live weight and  the body condition score (BCS) in experimental groups

Live weight,  kg

Body Condition Score:

Items І group, with 
compound feed

II group, 
with DDGS



Conclusions

The tested simple and cheap system for feeding dairy
ewes with forages plus dry distiller’s grain with soluble,
as a source of protein, and whole grain, as source of
energy, allows equal or tendency for better perfor-
mance, compare to the ewes fed by traditional method
using the same forages and compound feed, with sun-
flower meal as a protein source. The system allows
easy balancing of the rations according to energy and
nutrients requirements, and is attractive for the farm-
ers.
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