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ABSTRACT

An in vivo study was conducted into the effects of partial replacement of dried ground corn grain with dried whey 
– as a supplement to alfalfa haylage (AH) or Italian ryegrass haylage (IRH) - on ad libitum intake, in vivo digestibility and 
N retention in wether sheep. The chemical composition of AH and IRH was roughly the same, except for the crude 
protein (CP) content which was much higher in AH compared with IRH. Sheep fed the AH-based diet had higher feed 
intake. Higher CP digestibility and higher N retention, as well as higher levels of excreted N, were shown compared IRH-
based diet. The IRH-based diet increased the digestibility of chemical parameters studied, except CP and starch. The 
partial replacement of corn grain with dried whey reduced the intake of acid detergent fibre (ADF), improved the starch 
digestibility in AH and IRH-based diets, and increased the overall N intake in wethers fed the AH-based diet. In practical 
conditions, replacing 10% of corn grain with dried whey in a ration based on higher quality forage is a way to increase N 
intake in sheep. In conclusion, the partial replacement of corn grain with dried whey in a forage-based diet with higher 
CP content improves the nitrogen efficiency in the diet of wether sheep.
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SAŽETAK

Provedeno je in vivo istraživanje utjecaja djelomične zamjene suhog mljevenog zrna kukuruza sirutkom u prahu kao 
dodatka sjenaži lucerne (SL) ili sjenaži talijanskog ljulja (STL) na ad libitum konzumaciju, in vivo probavljivost i bilancu N 
u hranidbi kastriranih ovnova. Kemijski sastav SL i STL je bio otprilike isti, osim sadržaja sirovih proteina (SP) koji je bio 
veći kod SL u usporedbi s STL. Hranidba bazirana na SL imala je veću konzumaciju, veću probavljivost SP i veću bilancu N, 
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kao i više izlučenog N u usporedbi s hranidbom baziranom na STL. Hranidba bazirana na STL je imala veću probavljivost 
istraživanih kemijskih parametara, osim SP i škroba. Djelomična zamjena zrna kukuruza sirutkom u prahu smanjila je 
konzumaciju kiselih detergent vlakana (KDV), povećala probavljivost škroba u hranidbi baziranoj na SL i STL i povećala 
ukupnu konzumaciju N u hranidbi baziranoj na SL. U praktičnim uvjetima zamjena 10% zrna kukuruza sirutkom u prahu 
u obroku na bazi kvalitetnije krme dovoljna je za povećanje konzumacije N. Zaključno, djelomična zamjena zrna kukuruza 
sirutkom u prahu u krmnoj osnovi s većim sadržajem SP povećava energetsku učinkovitost obroka u smislu konzumacije 
N i metabolizma.

Ključne riječi: energetski dodatak, sjenaža lucerne, sjenaža talijanskog ljulja, konzumacija, probavljivost, bilanca N 

INTRODUCTION

Forage nutritive value, especially crude protein and 
digestibility, are associated with the passage rate of the 
forage through the gastrointestinal tract. Digestion rates 
of the forage carbohydrate fractions are much slower 
than the corresponding protein fractions which leads to 
nutrient asynchrony for rumen microorganisms (Hersom, 
2007). Improvement of digestibility and intake are the 
two major factors for increasing the nutritive value of 
forage for ruminants. A diet with higher content in CP 
and lower content in fibre may result in a higher feed 
intake but might cause lower digestibility due to faster 
passage of ration through the digestive tract. One way 
of improving forage intake and nutrient utilization is to 
increase microbial activity in the rumen by supplementing 
the diet with feeds high in rumen-degradable organic 
matter and thereby increasing microbial protein synthesis 
and SCFA production. 

Dried corn grain is the most frequently used high-
energy supplement to forage in the diet of ruminants. It 
is rich in starch (Heldt et al., 1999) of 55 to 70% in the 
rumen (Huntington 1997), and about 95% degradable in 
the whole digestive tract (Rahimi et al., 2020). 

Dried whey is a by-product in milk production rich 
in lactose (around 700 g/kg DM) as an energy source 
(DeFrain et al., 2004). 

Compared with starch, however, lactose will ferment 
faster and lead to a quicker drop in the rumen’s pH 
value (Susmel et al., 1995), but will not depress it if 
supplemented up to 44% DM intake (Oba, 2011). The end 
product of lactose degradation in the rumen is butyric 
acid, while that of starch is propionic acid (Chamberlain 
et al., 1993), which is why the mechanism and rate of 

absorption of the newly emerging acids by the rumen’s 
walls are different, and so is their effect on nutrient intake 
from feed (DeFrain et al., 2004). 

Dried whey fed to sheep as a supplement to alfalfa 
haylage (AH) in 5 and 10% ratio of DM will increase the 
ad libitum intake and reduce in vivo digestibility of DM, 
organic matter (OM) and CP (Vranić et al., 2016). It has been 
found that better dietary results are achieved through the 
combined effects of whey and corn, as compared to whey 
or corn grain alone, as an energy source additional to the 
main forage feed (Susmel et al., 1995).

Partial or full replacement of corn with whey (50 or 
100% respectively) will increase the output of urine (that 
will almost double if corn is fully replaced by whey), but 
will not affect N retention in dairy cows (Susmel et al., 
1995). Supplementing forage with whey will increase the 
intake of nitrogen in feed (Calsamiglia et al., 2010), since 
the protein in whey (lactoglobulin) is highly efficient in 
feed and will mostly increase N retention as it is broken 
down in the small intestine (Susmel et al., 1995) if the 
main forage is sufficiently rich in CP (Oba, 2011). 

For the foregoing reasons, high-energy supplements to 
forage will have a variable effect on the nutritional value 
and energy efficiency of diet for ruminants. It depends on 
the type and quantity of supplement (Chamberlain et al., 
1993) as well as the main forage (Orr et al., 2001; Vranic 
et al., 2007; Salcedo et al., 2010; Vranic et al., 2013; 
Vranic et al., 2018) that can have a higher impact on 
intake and digestibility than the high-energy supplement 
itself (Waldo, 1986). The aim of our study is to establish 
the effects of partial replacement of corn grain with dried 
whey on ad libitum feed intake, in vivo digestibility and N 
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retention, based on two different types of forage fed to 
wether sheep.

The present study hypothesized that (i) replacing 
corn grain with dried whey would increase the intake, 
digestibility and N retention of feed based on alfalfa 
haylage (AH) or on Italian ryegrass haylage (IRH), and 
that (ii) an AH-based diet would have higher intake, 
digestibility and N retention compared to IRH-based diet.

MATERIALS AND METHODS

Experimental feed

Alfalfa haylage (AH) (Medicago sativa L.) was produced 
at the early flowering stage (cca 30% of the flowering 
crop) while Italian ryegrass (Lolium multiflorum L.) haylage 
(IRH) at R2-R3 stage (the mid of tasseling) (Moore et al., 
1991). Both crops were grown in continental Croatia 
under favorable agro ecological conditions. It was the 
third vegetation year of alfalfa and the first of Italian 
ryegrass utilization.

Both crops were mown and allowed to wilt for 24 
hours before being harvested at 500-600 g DM/kg fresh 
forage with a round baler. No additives were used for 
haylage conservation. The bales were wrapped in four 
to six layers of 500-mm wide light blue plastic film. The 
weather at harvest was warm and sunny with an average 
daily temperature of 27 °C which varies from 20.5 °C to 
30.6 °C. The wrapped bales were stored for 2.5 months 
in the covered space of the Grassland Research Center 
of the University of Zagreb, Faculty of Agriculture i.e. 
until the beginning of the study. Maize hybrid FAO 500 
was sown on the 5th of May 2018 at a row distance of 
0.7m at the Experimental station Maksimir of the Faculty 
of Agriculture Zagreb. The soil was previously cultivated 
(30-32 cm plowing), seedbed prepared and fertilized (150 
kg N/ha, 120 kg P2O5/ha, 120 kg K2O/ha). The corn crop 
was harvested after it reached the phase of physiological 
maturity recognized with the emergence of the black layer 
based on the grain (Daynard and Duncan, 1969). After 
artificially drying at the temperature from 35 to 46 °C the 
dry corn was stored at room temperature unground in 3 
plastic bins (50 L each) until required for experimental 
purposes. Dried whey (pasteurized sweet whey defense) 

in 2 packages, each of 25 kg, for the research needs was 
provided by the dairy industry Dukat d.d., Zagreb, Croatia.

Just prior to the start of the experiment the dry corn 
was ground using a hammer mill with a 3-mm screen, 
compressed into 5 plastic bags (approximately 30 L each) 
and stored at room temperature similar to dried whey. 

Before the start of the experiment, the AH and IRH 
were chopped separately to approximately 3-5 cm 
using a commercial chopper. The chopped material was 
compressed into plastic bags (approximately 10 kg/bag) 
and stored in the cold chamber where the temperature 
was held at 4 °C. The amount of concentrate for daily 
feeding was measured separately into plastic bags and 
fed in two equal rations at 0:9 a.m. and 0:4 p.m. with no 
refusals remaining. No additional supplementary feeds 
were provided. 

Dietary treatments

The concentrate (corn or corn partly replaced by whey) 
was fed at the quantity of 30 g/kg M0.75 wether sheep/d. 
The experiment consisted of 8 feeding treatments for 
crossbreed wethers (Suffolk x Lake-Solčava sheep): (i) AH 
supplemented with corn (AH-0W); (ii) AH supplemented 
with 90% corn and 10% whey (AH-10W); (iii) AH 
supplemented with 80% corn and 20% whey (AH-20W); 
(iv) AH supplemented with 70% corn and 30% whey (AH-
30W); (v) IRH supplemented with corn (IRH-0W), (vi) IRH 
supplemented with 90% corn and 10% whey (IRH-10W); 
(vii) IRH supplemented with 80% corn and 20% whey 
(IRH-20W); (viii) IRH supplemented with 70% corn and 
30% whey (IRH-30W).

Animal management and the experimental design

Eight 1.5-year-old crossbreed wethers were selected 
based on BW (mean BW 60 kg, sd. 2.0 kg) and condition 
scores. All animals were treated for internal parasites 
before the experiment. The sheep were subjected to 
artificial lighting from 08:00 a.m. to 08:00 p.m. daily.

A feeding trial with the eight wethers and eight 
feeding treatments was performed indoors. Each sheep 
was randomly allocated to the treatment sequences in an 
incomplete changeover design with four periods.
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A 10-day acclimatization period was followed by 
a 7-day measurement period (a 2-day ad libitum intake 
period was followed by 5 days of ad libitum intake, 
digestibility and N retention measurements), in which 
the offered feed, the refused feed, faeces and urine were 
measured. The experiment took place in September 
2018 and lasted for 68 days. The animals were housed 
in individual pens (1.5 x 2.2 m) during the acclimatization 
period and in individual cages (1.36 m x 1.53 m x 1.49 
m) during the measurement period. The cages were 
equipped with individual drinkers that were cleaned daily 
and the animals were provided ad libitum fresh water 
throughout the experiment. Animals were fed twice a day 
(09:00 a.m. and 04:00 p.m.) in equal amounts. They were 
fed AH and IRH ad libitum during the 2 days, while over 
the following 5-day period the rations were designed to 
ensure a refusal margin of 10–15% AH and IRH each day. 

During the measurement period, the fresh weights and 
DM contents of the corn, whey, AH and IRH offered and 
the AH and IRH refused were recorded daily. Samples of 
offered corn and dried whey were taken at the beginning 
of each experimental period in the quantity of about 1,5 
kg and stored separately at the ambient temperature 
until analyzed. Haylage samples were taken daily (about 
10 dkg of AH and IRH) at weighing the daily amount 
of forage and stored at a temperature of -20 °C until 
the end of the experiment when they were separately 
composited before chemical analyses. The refused feed 
was composited per animal and stored at a temperature 
of -20 °C before chemical analyses. 

During the measurement period, the animals had 
attached faecal bags. The daily excretion of faeces was 
measured. Daily samples of faeces (10% of the excreted 
faeces) from individual animals were stored frozen at 
-20 °C until the completion of the collection period. 
Composited faecal output from each animal was weighed 
and sampled prior to subsequent analyses. Urine was 
collected into plastic containers (40 cm x 20 cm x 30 cm) to 
which it was delivered by an inclined metal base set under 
the cages’ performed floor. The daily output of urine from 
each animal was preserved by acidification (100 ml of 2 
mol/l sulphuric acid was added to achieve a pH value of 

2-3), and its volume was measured. Daily samples of urine 
(10% of the excreted urine) from individual animals were 
then composited over the measurement 5-day period 
and stored at a temperature of -20 °C until analyzed. 
The sheep were weighed on the 10th and 17th day of each 
period, and the mean weight was used to calculate the 
daily corn and whey supplements for each animal.

Digestibility was calculated using the equations 
(Rymer, 2000): DMD = (DM intake - faecal DM excreted)/
DM intake; OMD = (OM intake – faecal OM excreted/OM 
intake); D-value = (OM intake – faecal OM excreted/ DM 
intake; starch digestibility = (starch intake – faecal starch 
excreted)/starch intake; NDF digestibility = (NDF intake 
– faecal NDF excreted)/NDF intake; ADF digestibility = 
(ADF intake - faecal ADF excreted)/ADF intake.

The conducted experiment followed the Council 
Directive issued by the European Economic Community 
(EEC) (1986) on the approximation of laws, regulations 
and administrative provisions of the Member States 
regarding the protection of animals used for experimental 
and other scientific purposes. Also, animal husbandry and 
sampling were approved by the Scientific Research Ethic 
Committee University of Zagreb Faculty of Agriculture 
(Ethic Reference No: 380-71-01-06-1).

Chemical analyses

The DM contents of offered feed, refused feed and 
faeces were determined by oven drying to a constant 
weight at a temperature of 60 °C in a fan-assisted oven 
(ELE International) (Bedfordshire, United Kingdom). The 
ash contents of offered feed, refused feed and faeces 
were measured by igniting the samples in a microwave 
oven (Milestone PIYRO, Italy) at 550 °C for 3 h. The total 
N concentrations of offered feed, refused feed, faeces 
and urine were determined by the Kjeldahl method 
(Freitas et al., 2013) using a Gerhardt nitrogen analyzer. In 
addition, N concentration was expressed as crude protein 
(CP) (total N x 6.25) g/kg DM for offered feed, refused 
feed and faeces.

Neutral detergent fibre (NDF) and acid detergent 
fibre (ADF) contents were analyzed using the previously 
described procedure (Van Soest et al., 1991) using the 
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Ankom Filter bags technology (USA) with an Ancom 
fiber bags. The pH of the silage was determined in a 
water extract containing 10 g of fresh silage and 100 ml 
of distilled water using a pH meter 315i (WTW). Short-
chain fatty acids (SCFA) ( and lactose were determined 
by high-performance liquid gas chromatography (Fussell 
and Mccalley, 1987). Lactic acid content was determined 
enzymatically on an Express Auto biochemical analyzer in 
water extract using the juice expressed from the silage. 
The starch content of feed offered, feed refused and 
faeces were determined by an enzymatic method (Norris 
and Rooney, 1970).

Statistical analyses

Results were analyzed using mixed model procedures 
(SAS, 1999). The model applied: Y ij=μ+T i+P j+e i j

where Y is the overall model, μ is the grand mean, T is the 
treatment, P is the period, e is the experimental error, i is 
the number of treatments, and j is the number of periods. 

The experiment was set up as an incomplete change-
over design with four periods, eight feeding treatments 
and eight animals. Each sheep received four feeding 
treatments over the experimental period. All model 
components were considered fixed while the experimental 
unit was animal within each period.

The orthogonal contrasts as well as linear and 
quadratic effects of the level of whey inclusion in AH and 
IRH well as were made using the CONTRAST statement 
of SAS.

RESULTS

The chemical composition of forage used in the study 
is presented in Table 1. The AH and IRH used in the 
study (Table 1) had a high DM content that is usual when 
ensiling forage into bales wrapped with plastic (Vranic et 
al., 2018). Corn grain had a high starch content and dried 
whey had a high lactose content (Table 1).

Table 1. Composition of forage and energy supplements (g/kg DM unless stated otherwise) fed to wether sheep

Chemical parameter AH IRH Corn grain Dried whey

DM (g/kg fresh sample) 549.39 472.44 918.30 950

OM 913.31 909.98 979.60 NA

CP 142.45 81.32 84.26 90

Starch 103.96 88.44 584.16 NA

Lactose NA NA NA 750

NDF 524.56 548.98 219.99 NA

ADF 367.42 375.46 31.17 NA

pH 5.84 5.81 NA NA

NH3-N (g N/kg total N) 38.31 70.14 NA NA

Butyric acid 5.47 4.33 NA NA

Acetic acid 5.13 15.38 NA NA

Lactic acid 41.02 16.85 NA NA

AH, alfalfa haylage; IRH, Italian ryegrass haylage; DM, dry matter; OM, organic matter; NH3-N, ammonium nitrogen; CP, crude protein; NDF, neutral 
detergent fibre; ADF, acid detergent fibre; NA, not analyzed.
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Table 2. Effects of partial replacement of dietary corn with whey on daily dry feed intake (g/kg M0.75) of wether sheep fed alfalfa 
or Italian ryegrass haylage

Treatment DM OM CP NDF ADF starch

AH-0W 70.1ab 65.9ab 7.6a 31.7a 28.3a 22.9a

AH-10W 72.6a 68.1a 7.9a 31.5a 27.6ab 21.9ab

AH-20W 74.0a 69.2a 8.0a 31.4a 27.0ab 20.7c

AH-30W 73.4a 68.5a 8.2a 29.9ab 28.8bc 18.9d

IRH-0W 66.8b 62.8b 5.5b 31.9a 26.7ab 21.8b

IRH-10W 65.5b 61.6b 5.4b 29.0b 24.0dc 20.3c

IRH-20W 66.8b 62.6b 5.5b 28.9b 23.4d 19.2d

IRH-30W 65.9b 61.9b 5.5b 27.7b 22.2d 17.3e

Significance ** ** ** * ** *

SEM 1.54 1.42 0.17 0.82 0.55 0.38

AH vs. IRH *** *** *** ** *** ***

no whey vs. whey NS NS ** *** NS ***

Lin in AH NS NS * NS ** ***

Quad in AH NS NS NS NS NS NS

Lin in IRH NS NS NS *** *** ***

Quad in IRH NS NS NS NS NS NS

a-e, Means values within columns for each item with clarification of the significant difference in the forms of superscripts (*, P < 0.05; **, P < 0.01; 
***, P < 0.001). NS, non-significant (P > 0.05); SEM, standard error of the mean; Lin, linear; Quad, quadratic; Treatments, AH-0W, alfalfa haylage 
supplemented with corn; AH-10W, alfalfa haylage supplemented with 90% corn and 10% whey; AH-20W, alfalfa haylage supplemented with 80% 
corn and 20% whey; AH-30W, alfalfa haylage supplemented with 70% corn and 30% whey; IRH-0W, Italian ryegrass haylage supplemented with 
corn; IRH-10W, Italian ryegrass haylage supplemented with 90% corn and 10% whey; IRH-20W, Italian ryegrass haylage supplemented with 80% 
corn and 20% whey; IRH-30W, Italian ryegrass haylage supplemented with 70% corn and 30% whey; DM, dry matter; OM, organic matter; CP, crude 
protein; NDF, neutral detergent fibre; ADF, acid detergent fibre; AH, alfalfa haylage; IRH, Italian ryegrass haylage.

Table 2 presents the effect of partial replacement of 
dietary corn with dried whey on daily dry feed intake of 
wether sheep fed AH or IRH.

Replacing corn with whey increased the intake of CP 
(P < 0.01) and reduced the intake of NDF (P < 0.001) and 
starch (P < 0.001) in both types of haylage.

The replacement of corn with whey led to a linear 
increase in the intake of CP (P < 0.05) and a linear decrease 
in the intake of ADF (P < 0.05) and starch (P < 0.001) in 
the AH diet. The replacement of corn with whey resulted 
in a linear decrease in the intake of NDF (P < 0.001), ADF 
(P < 0.001) and starch (P < 0.001) in the IRH diet. 

Effects of partial replacement of dietary corn grain 
with dried whey on apparent digestibility for wether 
sheep fed AH or IRH is presented in Table 3.

A higher level of digestibility of CP (P < 0.001) and 
starch (P < 0.001) was recorded in wethers fed the AH-
based diet compared to the IRH-based diet. However, 
the IRH-based diet had a higher digestibility of DM (P 
< 0.001), OM (P < 0.01), D-value (P < 0.001), NDF (P < 
0.001) and ADF (P < 0.001) compared with AH-based 
dietary treatments.
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Table 3. Effects of partial replacement of dietary corn grain with whey on apparent digestibility (g/kg DM) of wether sheep fed 
alfalfa or Italian ryegrass haylage

Treatment DM OM D-value CP NDF ADF starch

AH-0W 662b 686bc 645ab 596a 584cd 639bc 491a

AH-10W 678ab 704abc 660ab 602a 566cd 627bc 474ab

AH-20W 660b 684bc 640ab 591a 535d 580c 443c

AH-30W 662b 682c 637b 608a 581cd 619bc 401d

IRH-0W 700a 715a 673a 529bc 660a 722a 466b

IRH-10W 697a 712ab 669ab 521bc 644ab 706a 436c

IRH-20W 694a 711ab 666ab 489c 605bc 664ab 414d

IRH-30W 701a 718a 674a 539b 639ab 674ab 368e

Significance * * ** * * ** *

SEM 10.78 9.95 9.33 15.26 18.37 16.78 7.7

AH vs. IRH *** ** *** *** *** *** ***

no whey vs. whey NS NS NS NS NS * ***

Lin in AH NS NS NS NS NS NS ***

Quad in AH NS NS NS NS NS NS NS

Lin in IRH NS NS NS NS NS * ***

Quad in IRH NS NS NS NS NS NS NS

a-e, Means values within columns for each item with clarification of the significant difference in the forms of superscripts (*, P < 0.05; **P < 0.01; ***, 
P < 0.001). NS, non-significant (P > 0.05). SEM, standard error of the mean; Lin, linear; Quad, quadratic; Treatments, AH-0W, alfalfa haylage supple-
mented with corn; AH-10W, alfalfa haylage supplemented with 90% corn and 10% whey; AH-20W, alfalfa haylage supplemented with 80% corn 
and 20% whey; AH-30W, alfalfa haylage supplemented with 70% corn and 30% whey; IRH-0W, Italian ryegrass haylage supplemented with corn; 
IRH-10W, Italian ryegrass haylage supplemented with 90% corn and 10% whey; IRH-20W, Italian ryegrass haylage supplemented with 80% corn 
and 20% whey; IRH-30W, Italian ryegrass haylage supplemented with 70% corn and 30% whey; DM, dry matter; OM, organic matter; D-value, the 
digestibility of the organic matter in the dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; AH, alfalfa haylage; 
IR, Italian ryegrass haylage.

The replacement of corn with whey resulted in a linear 
decrease of the digestibility of starch and ADF (P < 0.05).

Effects of partial replacement of dietary corn with 
dried whey on nitrogen retention of wether sheep fed AH 
or IRH is presented in Table 4.

The AH-based feed had higher N intake (P < 0.001), 
higher N excretion in faeces (P < 0.001) and urine (P < 

0.001), and higher N retention (P < 0.01) compared with 
the IRH-based feed. Replacing corn with whey did not 
affect the N intake, N excretion or N retention in either 
type of haylage.

The replacement of corn with whey in AH-based feed 
led to an increase in the overall intake of N (P < 0.05). 
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Table 4. Effects of partial replacement of dietary corn with dried whey on nitrogen retention (g/kg DM) of wether sheep fed alfalfa 
or Italian ryegrass haylage

Treatment
N intake N excreted N 

retention
Fecal N/ N 

intake
Urin N / N 

intakehaylage concentrate total urin feces

AH-0W 18.1 7.8 26.0b 9.1a 10.4ab 6.5abc 0.41c 0.35a

AH-10W 19.3 7.9 27.3a 9.5a 10.8a 6.9ab 0.39c 0.35a

AH-20W 19.5 8.0 27.4a 10.1a 11.2a 6.1abc 0.41c 0.37a

AH-30W 19.3 8.3 27.6a 9.7a 10.8a 7.1a 0.39c 0.35a

IRH-0W 11.2 7.8 19.0c 4.0b 8.9cd 6.1abc 0.48ab 0.21b

IRH-10W 10.7 7.9 18.5c 4.4b 8.9cd 5.2c 0.48ab 0.25b

IRH-20W 11.0 8.0 19.0c 4.4b 9.7bc 4.9c 0.52a 0.23b

IRH-30W 10.5 8.3 18.8c 4.8b 8.66d 5.37bc 0.46b 0.26b

Significance ** NS * ** * * * *

SEM 0.56 0.23 0.51 0.47 0.36 0.58 0.02 0.03

AH vs. IRH *** NS *** *** *** ** *** ***

no whey vs. whey NS NS NS NS NS NS NS NS

Lin in AH NS NS * NS NS NS NS NS

Quad in AH NS NS NS NS NS NS NS NS

Lin in IRH NS NS NS NS NS NS NS NS

Quad in IRH NS NS NS NS NS NS NS NS

a-e, Means values within columns for each item with clarification of the significant difference in the forms of superscripts (*, P < 0.05; **, P < 0.01; 
***, P < 0.001). NS, non significant (P > 0.05). SEM, standard error of mean; Lin, linear; Quad, quadratic; AH, alfalfa haylage; IR, Italian ryegrass 
haylage; Treatments, AH-0W, alfalfa haylage supplemented with corn; AH-10W, alfalfa haylage supplemented with 90% corn and 10% whey; AH-
20W, alfalfa haylage supplemented with 80% corn and 20% whey; AH-30W, alfalfa haylage supplemented with 70% corn and 30% whey; IRH-0W, 
Italian ryegrass haylage supplemented with corn; IRH-10W, Italian ryegrass haylage supplemented with 90% corn and 10% whey; IRH-20W, Italian 
ryegrass haylage supplemented with 80% corn and 20% whey; IRH-30W, Italian ryegrass haylage supplemented with 70% corn and 30% whey; DM, 
dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre.

DISCUSSION

Chemical Composition

Forages ensiled at higher DM content (>300 g/kg 
fresh forage) have reduced risk of clostridial fermentation 
(Kung et al., 2010), but restrict in-silo fermentation. 
This results in high pH values and aerobically unstable 
fermented forage (Vranic et al., 2011). As the DM content 
in the haylage used for ensiling increases, the pH value 
of the fermented forage increases. The pH value of IRH 
can range from pH 3.7 of plant mass in direct ensiling 
(DM content 159 g/kg fresh sample), to pH 4.1 and 4.9 in 
1-day and 2-day wilted crop before ensiling (DM content 

336 and 469 g/kg fresh forage, respectively) (McDonald, 
1982). This is consistent with the results on DM content 
and high pH values of the haylage used in the study (Table 
1). AH had lower CP content and higher NDF content 
(Table 1) compared with the typical CP and NDF content 
in high-quality AH (Kung et al., 2010). Similarly, IRH 
had lower CP content and higher NDF content (Table 1) 
compared with the typical CP and NDF content in high-
quality IRH (> 190 g CP/kg DM and <550 g NDF/kg DM) 
(McCormick et al., 1998). However, the haylage used in 
the study had CP content higher than 60 g/kg DM that 
can provide sufficient N for rumen microbes (Kim et al., 
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1999) and prevent a negative N balance caused by protein 
malnutrition (Lloyd et al., 2012). The high values of starch 
content found in corn grain and lactose in dried whey 
(Table 1) are typical for the high-energy feed used (Heldt 
et al., 1999; Susmel et al., 1995). The present study found 
lower CP content in corn grain (84.26 g/kg DM) and dried 
whey (90 g/kg DM) compared to an earlier study (109 
and 122 g/kg DM respectively) (Susmel et al., 1995).

Effect on feed intake

The feed intake and animal performance largely 
depend on the chemical composition of feed, primarily 
on the CP, NDF, ADF and energy content (Waldo, 1986).

A diet with higher content of CP and lower content 
in fibre is of higher digestibility and higher feed intake 
(Vranic et al., 2009). However, the digestibility of 
nutrients in higher animal intake can be lower due to the 
accelerated passage of food through the digestive tract 
(DeFrain et al., 2004). For optimal uptake of nutrients 
from feed, the energy content and protein content in the 
rumen should be aligned, because higher accessibility 
of carbohydrates over protein can lead to energy loss in 
rumen microorganisms, whereas higher CP content can 
lead to N loss through urine and faeces (Russell, 1998). 
An unbalanced diet can therefore lead to energy and 
nitrogen loss in an organism, lower synthesis of microbial 
protein and lower uptake by the animal (NRC, 2001). 
The intake of DM is proportional to the DM content 
and quality of feed (Bruinenberg et al., 2002). The AH 
dietary treatments under this study had a higher intake 
of all the studied dietary chemical elements than the IRH 
treatments, which is consistent with earlier studies that 
found that supplementing carbohydrate-rich forage to 
feed higher in CP content had a positive effect on feed 
intake, compared to feed with lower CP content (De Visser 
et al., 1998; Heldt et al., 1999; Huntington, 1997; Vranic 
et al., 2008). Furthermore, a strong negative correlation 
had previously been found between the NDF content in 
feed and DM intake (DMI) (Hayirli et al., 2003), as well as a 
higher rumen filling effect of NDF grasses compared with 
NDF legumes (Dewhurst et al., 2010). This is consistent 
with the present study where the AH as legume had lower 

NDF content (Table 1) and consequently, the AH-based 
feed had higher DMI compared with IRH feed. Moreover, 
the positive correlation between the DM and DMI 
content of feed established earlier (Steen and Kilpatrick, 
2000) is consistent with the results of the present study 
where a higher DMI value was found in AH-based feed 
that contained more DM (549.39 g/kg fresh specimen) 
compared with IRH (472.44 g DM/kg of fresh sample) 
(Table 1).

Animals prefer feed that is high in energy and sugar 
(Murphy et al., 1997), although low quantities of sugar 
(1.5% of sucrose in DM of feed) will not affect feed intake 
(Nombekela and Murphy, 1995). In the present study, the 
share of lactose in feed amounted to 0; 4.5; 9 and 13% 
in DM feed based on AH or IRH. In earlier studies, the 
replacement of corn with whey up to 12% (De Seram et 
al., 2019) or up to 15.7% had no effect (DeFrain et al., 
2006) or increased (DeFrain et al., 2004) the DMI in the 
feed for dairy cows, as did the replacement of corn with 
lactose of up to 10.6% of DM feed (Susmel et al., 1995) 
or with sucrose (Broderick and Radloff, 2004; Penner and 
Oba, 2009). In the present study, the replacement of corn 
with whey in up to 30% of concentrate fed, and up to 
12% of DMI, increased the intake of DM, OM and CP (P < 
0.05) in AH-based feed and resulted in a linear reduction 
in the intake of ADF (P < 0.05) and starch (P < 0.001) in 
AH and IRH, and a linear reduction in NDF intake in IRH-
based feed. 

Earlier studies in general did not find any negative 
effects of sugar supplements on feed intake, nor should 
any negative effects be expected in a diet with reasonable 
sugar levels (Oba, 2011). This is consistent with the 
present study where replacing starch with lactose led to 
an increased intake of all the studied chemical elements 
of AH-based feed, as compared with IRH feed where no 
negative effect was found of starch replacement with 
lactose in the chemical parameters studied.

In an earlier study, the DM intake had a tendency to 
rise when up to 14% of sugar was added to feed (DeFrain 
et al., 2004). As it pertains to AH dietary treatments, the 
finding is partly consistent with the present study. 
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However, the results of earlier studies where corn 
was replaced by sugar in the feed for ruminants are not 
consistent. It was found that replacing corn with lactose 
in up to 13% of DM in feed did not affect the pH value 
of the rumen (DeFrain et al., 2004), but that replacing 
6% of starch with sucrose led to a tendency to increase 
(Penner and Oba, 2009), whereas replacing 9% of starch 
with sugar resulted in an increased pH value in the rumen 
(Martel et al., 2011). Manipulating the type and share of 
forage and carbohydrate-rich forage in the feed will have 
an impact on the growth and development of microbiota 
and fermentation in the rumen. A more intensive 
fermentation will reduce the pH value of the rumen, as 
well as the activity of cellulolytic ruminal bacteria that 
break down the fibre (Pu et al., 2020). In the present 
study, the replacement of starch with lactose has led to 
a linear reduction in the digestibility of NDF in AH-based 
feed, as well as that of NDF and ADF in IRH-based feed, 
which indicates that replacing starch with lactose has led 
to a drop in the pH value of the rumen and lower activity 
of cellulolytic ruminal bacteria.

Effect on digestibility

Compared with IRH-based feed, a higher intake of 
AH-based feed resulted in lower digestibility of the 
studied chemical elements of feed, except in CP. This 
is partly consistent with earlier studies that found that 
a synchronized supplement of sugar and nitrogen had 
a positive effect on the production of microbial protein 
(Kim et al., 1999), especially if sugar was added at a 
point when protein degradation in the rumen was at its 
maximum (Trevaskis et al., 2001). In line with the results 
of the present study, previous studies did not find any 
positive effects from a synchronized presence of CP and 
sugar in the rumen on the digestibility of a forage-based 
diet with high CP content. However, it was established 
that the feed was more efficient based on its digestibility 
and milk production when sugar was added to forage with 
low content in rumen degradable protein (RDP) and when 
starch was added to forage high in RDP content (Hall et 
al., 2010). The level of replacement of starch with lactose 
can have a significant effect on the digestibility of feed. 

It was found that replacing 50% of corn with whey had 
no impact on CP digestibility but that replacing 100% of 
corn with whey increased CP digestibility compared with 
a corn-only supplement (Susmel et al., 1995). 

The higher digestibility of DM, OM, NDF and 
higher D-value of a low intake of forage-based dietary 
treatments can be accounted for by the longer presence 
of forage high in fiber and low in CP in the digestive 
tract of ruminants. The intake of low-quality forage will 
be limited by the rumen’s physical fill (Allen, 2000), and 
the intake of high-quality forage by the energy consumed 
(Vranic et al., 2018). The high-quality forage with a high 
DMI will linger in the digestive tract of ruminants for one 
to two days and that of low quality and low DMI for more 
than three days (Sayan et al., 2010). The earlier studies 
with a supplement of 5 or 10% of dried whey to AH/kg 
DMI found that there was higher ad libitum digestibility 
of DMI and OM and lower in vivo digestibility of DM (P < 
0.01), OM (P < 0.05) and CP (P < 0.001), as a result of a 
faster passage of feed through the digestive tract (Vranić 
et al., 2016).

Replacing corn with whey in the present study did not 
have any impact on NDF digestibility but NDF and ADF 
digestibility of the IRH-based diet was higher compared 
with AH, which is consistent with earlier studies where 
adding sugar worth 0.3% of body mass increased the 
digestibility of fiber in low-quality forage (Heldt et al., 
1999). 

In line with these results, high-energy supplements 
to high-quality forage may lead to a negative associative 
effect of two types of forage on fiber digestibility 
(Pordomingo et al., 1991). Higher fiber digestibility in 
a diet based on high-quality forage may be achieved 
by adding low-quality forage that will ensure a longer 
presence of feed in the digestive tract (Matejovsky and 
Sanson, 1995).

Effect on N retention

Higher N retention is an indication of improved 
microbial N use in the rumen (Moss et al., 1992). A 
synchronized fermentation of carbohydrates and protein 
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degradation in the rumen can theoretically increase the 
production of microbial protein (Calsamiglia et al., 2010). 
Lactose ferments faster and might be more efficient in 
feeding than starch if basic forage is reached in nutrients 
(Susmel et al., 1995). Adding lactose to the main diet 
will help release a higher amount of energy and enhance 
fermentation, while leading to a lower content of NH3 

in the rumen and protozoa that negatively affect the 
synthesis of microbial protein (Chamberlain et al., 1993), 
especially in a highly nutrient forage-based diet (Kim et 
al., 2000). A higher quantity of microbial N (Chamberlain 
et al., 1993) is also the result of the absorption of butyric 
acid following lactose degradation, which stops short-
chain fatty acids (SCFA) from accumulating (DeFrain et 
al., 2004, 2006).

On average compared with IRH dietary treatments, 
the AH-based dietary treatments had about a 75% higher 
intake of N from haylage, 43% higher total intake of N (AH 
+ concentrate), as much as 118% higher N output through 
urine, and 19% through faeces. Similarly, N retention in 
AH dietary treatments was 23% higher compared with 
IRH dietary treatments, which is consistent with the 
earlier study (Susmel et al., 1995). 

Replacing barley starch with lactose led to a reduction 
in the content of NH3 in the rumen of ruminants but 
did not affect N retention (De Seram et al., 2019). Since 
N retention is dependent on the intake of DM and N 
(Adesogan et al., 2002), the present study found that 
N retention was higher in a forage diet with a high CP 
content and higher DM intake, when compared with a 
forage diet with a low CP content and low DM intake. 

The explanation for this lies in the higher CP content in 
AH where the available energy results in a more efficient 
use of N, while in forage diets with low CP content, the 
available energy is left partly unspent since the rumen’s 
microbes do not need it to generate their protein (Russell, 
1998). 

The protein in whey (lactoglobulin) is highly efficient 
in feeding and its degradation in the small intestine 
(Susmel et al., 1995) can partly account for the increase 

in N retention in AH diets where starch is replaced by 
lactose. However, replacing starch with lactose in IRH 
diets clearly leads to a drop in N retention. 

An increased synthesis of microbial protein in the 
rumen will lead to a more efficient use of N and a lower 
output of N through urine (De Seram et al., 2019). This 
study found that there was more efficient use (higher 
retention) of N, as well as a higher output of N from the 
organism in urine and faeces, in AH diets rather than 
IRH. However, replacing starch with lactose did not 
have an impact on N retention across individual feeding 
treatments based on AH or IRH, although the AH-based 
treatments had higher N retention than IRH-based 
treatments. A positive combined effect on N retention in 
AH-based diets, unlike IRH, may be the result of higher 
DM and N intake in AH-based feed, as mentioned above 
(Adesogan et al., 2002).

CONCLUSION

From the practical point of view, it can be concluded 
that the replacement of corn with whey in the wether 
sheep diet: (i) reduces the intake and digestibility of fibre 
and digestibility of starch regardless of the quality of the 
basic forage used and (ii) improves N utilization of the 
ration based on higher quality and higher protein forage. 

REFERENCES
Adesogan, A. T., Salawu, M. B., Deaville, E. R. (2002) The effect on 

voluntary feed intake, in vivo digestibility and nitrogen balance in 
sheep of feeding grass silage or pea-wheat intercrops differing 
in pea to wheat ratio and maturity. Animal Feed Science and 
Technology, 96 (3-4), 161-173.
DOI: https://doi.org/10.1016/S0377-8401(01)00336-4 

Allen, M. S. (2000) Effects of diet on short-term regulation of feed intake 
by lactating dairy cattle. Journal of Dairy Science, 83 (7), 1598-
1624. DOI: https://doi.org/10.3168/jds.S0022-0302(00)75030-2 

Broderick, G. A., Radloff, W. J. (2004) Effect of molasses supplementation 
on the production of lactating dairy cows fed diets based on alfalfa 
and corn silage. Journal of Dairy Science, 87 (9), 2997-3009.
DOI: https://doi.org/10.3168/jds.S0022-0302(04)73431-1 

Bruinenberg, M. H., Valk, H., Korevaar, H., Struik, P. C. (2002) Factors 
affecting digestibility of temperate forages from seminatural 
grasslands: a review. Grass and Forage Science, 57 (3), 292-301. 
DOI: https://doi.org/10.1046/j.1365-2494.2002.00327.x 

Calsamiglia, S., Ferret, A., Reynolds, C. K., Kristensen, N. B., van Vuuren, 
A. M. (2010) Strategies for optimizing nitrogen use by ruminants. 
Animal, 4 (7), 1184-1196.
DOI: https://doi.org/10.1017/S1751731110000911 

Original scientific paper DOI: /10.5513/JCEA01/25.1.4086
VRANIĆ et al.: Effect of a partial replacement of ground corn grain with dried whey on the...

32

https://doi.org/10.5513/JCEA01/25.1.4086


Chamberlain, D. G., Robertson, S., Choung, J. J. (1993) Sugars Versus 
Starch as Supplements to Grass-Silage - Effects on Ruminal 
Fermentation and the Supply of Microbial Protein to the Small-
Intestine, Estimated from the Urinary-Excretion of Purine 
Derivatives, in Sheep. Journal of the Science of Food and Agriculture, 
63 (2), 189-194. DOI: https://doi.org/10.1002/jsfa.2740630204 

Daynard, T. B., Duncan, W. G. (1969) Black Layer and Grain Maturity in 
Corn. Crop Science, 9 (4), 473-476. DOI: https://doi.org/10.2135/
cropsci1969.0011183X000900040026x 

De Seram, E. L., Penner, G. B., Mutsvangwa, T. (2019) Nitrogen 
utilization, whole-body urea-nitrogen kinetics, omasal nutrient 
flow, and production performance in dairy cows fed lactose as a 
partial replacement for barley starch. Journal of Dairy Science, 102 
(7), 6088-6108. DOI: https://doi.org/10.3168/jds.2018-15956 

De Visser, H., Klop, A., Van der Koelen, C. J., Van Vuuren, A. M. (1998) 
Starch supplementation of grass harvested at two stages of maturity 
prior to ensiling: Intake, digestion, and degradability by dairy cows. 
Journal of Dairy Science, 81 (8), 2221-2227.
DOI: https://doi.org/10.3168/jds.S0022-0302(98)75801-1 

DeFrain, J. M., Hippen, A. R., Kalscheur, K. F., Schingoethe, D. J. (2004) 
Feeding lactose increases ruminal butyrate and plasma beta-
hydroxybutyrate in lactating dairy cows. Journal of Dairy Science, 
87 (8), 2486-2494.
DOI: https://doi.org/10.3168/jds.S0022-0302(04)73373-1 

DeFrain, J. M., Hippen, A. R., Kalscheur, K. F., Schingoethe, D. J. (2006) 
Feeding lactose to increase ruminal butyrate and the metabolic 
status of transition dairy cows. Journal of Dairy Science, 89 (1), 267-
276. DOI: https://doi.org/10.3168/jds.S0022-0302(06)72091-4 

Dewhurst, R. J., Davies, D. W. R., Fisher, W. J. (2010) Effects of forage 
NDF content and body condition score on forage intake by 
Holstein-Friesian dairy cows in the dry period. Animal, 4 (1), 76-80. 
DOI: https://doi.org/10.1017/S1751731109991017 

Freitas, D., Capuchinho, R. S. R. C., Santos, I. R., Silva, A. M., Marin, M. L. 
M. (2013) Determination of Total Nitrogen in Parenteral Nutrition 
Solutions for Micro-Kjeldahl Method. Annals of Nutrition and 
Metabolism, 63, 1820-1820.
DOI: https://doi.org/10.1021/i560103a035 

Fussell, R. J., Mccalley, D. V. (1987) Determination of Volatile Fatty-Acids 
(C2-C5) and Lactic-Acid in Silage by Gas-Chromatography. Analyst, 
112 (9), 1213-1216. DOI: https://doi.org/10.1039/An9871201213 

Hall, M. B., Larson, C. C., Wilcox, C. J. (2010) Carbohydrate source and 
protein degradability alter lactation, ruminal, and blood measures. 
Journal of Dairy Science, 93 (1), 311-322.
DOI: https://doi.org/10.3168/jds.2009-2552 

Hayirli, A., Grummer, R. R., Nordheim, E. V., Crump, P. M. (2003) Models 
for predicting dry matter intake of Holsteins during the prefresh 
transition period. Journal of Dairy Science, 86 (5), 1771-1779.
DOI: https://doi.org/10.3168/jds.S0022-0302(03)73762-X 

Heldt, J. S., Cochran, R. C., Mathis, C. P., Woods, B. C., Olson, K. C., 
Titgemeyer, E. C., Nagaraja, T. G., Vanzant, E. S., Johnson, D. E. 
(1999) Effects of level and source of carbohydrate and level of 
degradable intake protein on intake and digestion of low-quality 
tallgrass-prairie hay by beef steers. Journal Animal Science, 77 (10), 
2846-2854. DOI: https://doi.org/10.2527/1999.77102846x 

Huntington, G. B. (1997) Starch utilization by ruminants: from basics to 
the bunk. Jounal of Animal Science, 75 (3), 852-867.
DOI: https://doi.org/10.2527/1997.753852x 

Kim, K. H., Choung, J. J., Chamberlain, D. G. (1999) Effects of varying the 
degree of synchrony of energy and nitrogen release in the rumen on 
the synthesis of microbial protein in lactating dairy cows consuming 
a diet of grass silage and a cereal-based concentrate. Journal of the 
Science of Food and Agriculture, 79 (11), 1441-1447. DOI: https://
doi.org/10.1002/(Sici)1097-0010(199908)79:11<1441::Aid-
Jsfa385>3.0.Co;2-Z 

Kim, K. H., Lee, S. S., Jeon, B. T., Kang, C. W. (2000) Effects of the 
pattern of energy supply on the efficiency of nitrogen utilization for 
microbial protein synthesis in the non-lactating cows consuming 
grass silage. Asian-Australasian Journal of Animal Sciences, 13 (7), 
962-966. DOI: https://doi.org/10.5713/ajas.2000.962 

Kung, L., Stough, E. C., McDonell, E. E., Schmidt, R. J., Hofherr, M. W., 
Reich, L. J., Klingerman, C. M. (2010) The effect of wide swathing on 
wilting times and nutritive value of alfalfa haylage. Journal of Dairy 
Science, 93 (4), 1770-1773.
DOI: https://doi.org/10.3168/jds.2009-2451 

Lloyd, L. J., Foster, T., Rhodes, P., Rhind, S. M., Gardner, D. S. (2012) 
Protein-energy malnutrition during early gestation in sheep blunts 
fetal renal vascular and nephron development and compromises 
adult renal function. The Journal of Physiology, 590 (2), 377-393. 
DOI: https://doi.org/10.1113/jphysiol.2011.220186 

Martel, C. A., Titgemeyer, E. C., Mamedova, L. K., Bradford, B. J. (2011) 
Dietary molasses increases ruminal pH and enhances ruminal 
biohydrogenation during milk fat depression. Journal of Dairy 
Science, 94 (8), 3995-4004.
DOI: https://doi.org/10.3168/jds.2011-4178 

Matejovsky, K. M., Sanson, D. W. (1995) Intake and Digestion of Low-
Quality, Medium-Quality, and High-Quality Grass Hays by Lambs 
Receiving Increasing Levels of Corn Supplementation. Jounal of 
Animal Science, 73 (7), 2156-2163.
DOI: https://doi.org/10.2527/1995.7372156x 

McCormick, M. E., Cuomo, G. J., Blouin, D. C. (1998) Annual Ryegrass 
Stored as Balage, Haylage, or Hay for Lactating Dairy Cows. Journal 
of Production Agriculture, 11 (3), 293-300.
DOI: https://doi.org/10.2134/jpa1998.0293 

McDonald, P. (1982) Silage fermentation. Trends in Biochemical 
Sciences, 7 (5), 164-166.
DOI: https://doi.org/10.1016/0968-0004(82)90127-x 

Moore, K. J., Moser, L. E., Vogel, K. P., Waller, S. S., Johnson, B. E., 
Pedersen, J. F. (1991) Describing and Quantifying Growth-Stages 
of Perennial Forage Grasses. Agronomy Journal, 83 (6), 1073-1077. 
DOI: https://doi.org/10.2134/agronj1991.00021962008300060027x 

Moss, A. R., Givens, D. I., Phipps, R. H. (1992) Digestibility and Energy 
Value of Combinations of Forage Mixtures. Animal Feed Science 
and Technology, 39 (1-2), 151-172.
DOI: https://doi.org/10.1016/0377-8401(92)90038-8 

Murphy, M. R., Geijsel, A. W. P., Hall, E. C., Shanks, R. D. (1997) Dietary 
variety via sweetening and voluntary feed intake of lactating dairy 
cows. Journal of Dairy Science, 80 (5), 894-897.
DOI: https://doi.org/10.3168/jds.S0022-0302(97)76011-9 

Nombekela, S. W., Murphy, M. R. (1995) Sucrose Supplementation 
and Feed-Intake of Dairy-Cows in Early Lactation. Journal of Dairy 
Science, 78 (4), 880-885.
DOI: https://doi.org/10.3168/jds.S0022-0302(95)76701-7 

Norris, J. R., Rooney, L. W. (1970) Enzymatic Determination of Starch in 
Sorghum Grain. Cereal Science Today, 15 (9), 304-304.

NRC. (2001) Nutrient Requirements of Dairy Cattle: Seventh Revised 
Edition, 2001. National Academies Press, Washington D.C., USA. 

Original scientific paper DOI: /10.5513/JCEA01/25.1.4086
VRANIĆ et al.: Effect of a partial replacement of ground corn grain with dried whey on the...

33

https://doi.org/10.5513/JCEA01/25.1.4086


Oba, M. (2011) Review: Effects of feeding sugars on productivity of 
lactating dairy cows. Canadian Journal of Animal Science, 91 (1), 
37-46. DOI: https://doi.org/10.4141/Cjas10069 

Penner, G. B., Oba, M. (2009) Partial replacement of dietary starch with 
sucrose tended to increase ruminal pH of Holstein cows in early 
lactation. Canadian Journal of Animal Science, 89 (1), 134-134. 
DOI: https://doi.org/10.3168/jds.2014-8827 

Pordomingo, A. J., Wallace, J. D., Freeman, A. S., Galyean, M. L. (1991) 
Supplemental Corn Grain for Steers Grazing Native Rangeland 
during Summer. Journal Animal Science, 69 (4), 1678-1687.
DOI: https://doi.org/10.2527/1991.6941678x 

Pu, X. X., Guo, X. F., Shahzad, K., Wang, M. Z., Jiang, C. Y., Liu, J. F., 
Zhang, X. P., Zhang, S. J., Cheng, L. (2020) Effects of Dietary Non-
Fibrous Carbohydrate (NFC) to Neutral Detergent Fiber (NDF) Ratio 
Change on Rumen Bacteria in Sheep Based on Three Generations of 
Full-Length Amplifiers Sequencing. Animals, 10 (2).
DOI: https://doi.org/10.3390/Ani10020192 

Russell, J. B. (1998) Strategies that ruminal bacteria use to handle excess 
carbohydrate. Jounal of Animal Science, 76 (7), 1955-1963.
DOI: https://doi.org/10.2527/1998.7671955x 

Rymer, C. (2000) The Measurement of Forage Digestibility In Vivo. In: 
Givens, D. I., Owen, E., Axford, R. F. E., Omed, H. M., eds. Forage 
Evaluation in Ruminant Nutrition. CABI publishing, pp. 113-135.

SAS. (1999) SAS Software. SAS Institute Inc., Cary North Carolina, USA. 
Sayan, Y., Ozkul, H., Polat, M., Çapçi, T., Orskov, E. R. (2010) Degradation 

Characteristics as Predictors of Digestibility and Metabolizable 
Energy Values of Forages and Wheat Straw. Journal of Applied 
Animal Research, 37 (1), 77-81.
DOI: https://doi.org/10.1080/09712119.2010.9707098 

Steen, R. W. J., Kilpatrick, D. J. (2000) The effects of the ratio of grass 
silage to concentrates in the diet and restricted dry matter intake on 
the performance and carcass composition of beef cattle. Livestock 
Production Science, 62 (2), 181-192.
DOI: https://doi.org/10.1016/S0301-6226(99)00057-3 

Susmel, P., Spanghero, M., Mills, C. R., Stefanon, B. (1995) Rumen 
Fermentation Characteristics and Digestibility of Cattle Diets 
Containing Different Whey, Maize Ratios. Animal Feed Science and 
Technology, 53 (1), 81-89.
DOI: https://doi.org/10.1016/0377-8401(95)00724-2 

Trevaskis, L. M., Fulkerson, W. J., Gooden, J. M. (2001) Provision of 
certain carbohydrate-based supplements to pasture-fed sheep, as 
well as time of harvesting of the pasture, influences pH, ammonia 
concentration and microbial protein synthesis in the rumen. 
Australian Journal of Experimental Agriculture, 41 (1), 21-27.
DOI: https://doi.org/10.1071/Ea00063 

Van Soest, P. J., Robertson, J. B., Lewis, B. A. (1991) Methods for Dietary 
Fiber, Neutral Detergent Fiber, and Nonstarch Polysaccharides in 
Relation to Animal Nutrition. Journal of Dairy Science, 74 (10), 3583-
3597. DOI: https://doi.org/10.3168/jds.S0022-0302(91)78551-2 

Vranic, M., Grbesa, D., Bosnjak, K., Masek, T., Jares, D. (2018) Intake and 
digestibility of sheep-fed alfalfa haylage supplemented with corn. 
Canadian Journal of Animal Science, 98 (1), 135-143.
DOI: https://doi.org/10.1139/cjas-2015-0168 

Vranic, M., Knezevic, M., Bosnjak, K., Perculija, G., Leto, J., Kutnjak, 
H., Horg, M. (2011) Effects of Maize Grain Added in a Diet 
Based on Alfalfa Haylage on the Ration Quality in Wether Sheep. 
Poljoprivreda, 17 (1), 69-73. 

Vranic, M., Knezevic, M., Perculija, G., Bosnjak, K., Leto, J. (2009) Intake, 
Digestibility, N Utilization and Dry Matter Degradability of Grass 
Silage Harvested at Three Stages of Maturity. Asian-Australasian 
Journal of Animal Sciences, 22 (2), 225-231.
DOI: https://doi.org/10.5713/ajas.2009.80118 

Vranic, M., Knezevic, M., Perculija, G., Matic, I., Turcin, D. (2008) Effect of 
maize silage supplementation to grass silage harvested at different 
maturity stages on ad libitum intake. Mljekarstvo, 58 (1), 69-84. 

Vranić, M., Bošnjak, K., Pintar, J., Leto, J., Čačić, I., Stipić, I., Protulipac, 
M., Bukal, M. (2016) Utjecaj dodatka sirutke sjenaži lucerne na 
konzumaciju i probavljivost obroka u hranidbi kastriranih ovnova. 
Stočarstvo, 69, 17-24. 

Waldo, D. R. (1986) Effect of Forage Quality on Intake and Forage-
Concentrate Interactions. Journal of Dairy Science, 69 (2), 617-631. 
DOI: https://doi.org/10.3168/jds.S0022-0302(86)80446-5 

Original scientific paper DOI: /10.5513/JCEA01/25.1.4086
VRANIĆ et al.: Effect of a partial replacement of ground corn grain with dried whey on the...

34

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.5513/JCEA01/25.1.4086
http://www.tcpdf.org

