
PAPER

Effects of different forage to concentrate ratios on performance, plasma
metabolites, and feeding behaviour of weaned dairy calves from 70 to 120
days of age

Abbas Karamia, Masoud Alikhania, Mohammad Khorvasha, Farzad Hashemzadeha ,
Ali Sadeghi-Sefidmazgia, Hassan Rafieeb and Luiz F. Ferrarettoc

aDepartment of Animal Sciences, College of Agriculture, Isfahan University of Technology, Isfahan, Iran; bAnimal Science Research
Department, Isfahan Agricultural and Natural Resources Research and Education Center, AREEO, Isfahan, Iran; cDepartment of Animal
and Dairy Sciences, University of Wisconsin, Madison, WI, United States

ABSTRACT
Determining the best level of forage inclusion in diets for optimal performance of weaned
calves will benefit the dairy industry greatly. This study evaluated the effect of feeding different
forage to concentrate ratios on performance, behaviour, and metabolic responses of Holstein
weaned calves. Forty-five Holstein female calves (70 d of age and 71.7 ±4.4 kg body weight at
trial initiation) were balanced for birth BW and randomly assigned to 1 of 3 treatments: (1) for-
age-to-concentrate ratio of 50:50, (2) forage-to-concentrate ratio of 35:65 and (3) forage-to-con-
centrate ratio of 20:80. Alfalfa hay was the sole dietary forage source. Calves were kept in
individual pens until 120 d of age. Decreasing dietary forage concentration linearly increased
dry matter and energy intake, and average daily gain. Body weight at d 95 and 120 linearly
increased as alfalfa hay was replaced with concentrate. Ruminal pH at d 120 of age linearly
decreased with greater inclusion of concentrate. Final heart girth, withers height and hip height
linearly increased and final hip width tended to increase as concentrate was substituted for
alfalfa hay. Plasma glucose concentration at d 95 of age linearly increased with greater concen-
trate levels, but the opposite was observed for b-hydroxybutyrate concentration. Increasing con-
centrate increased lying behaviour linearly, but decreased rumination behaviour. The results of
this study indicated that feeding diets with a 20:80 forage to concentrate ratio enhanced feed
intake, growth performance, and some skeletal growth parameters in the post-weaning period
and increased lying behaviour and decreased rumination behaviour.

HIGHLIGHTS

� Determining the best level of forage inclusion in diets for optimal performance of weaned
calves will benefit the dairy industry greatly.

� Decreasing dietary forage concentration linearly increased dry matter intake, body weight
and withers height.

� Feeding diets with a 20:80 forage to concentrate ratio enhanced performance in the post-
weaning period of dairy calves.
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Introduction

The cost of rearing dairy replacement heifers is
dependent on growth rates and thereby, early breed-
ing and time to first calving. Therefore, providing
adequate nutrition to sustain rapid growth rates dur-
ing the initial 4mo of age promotes a more efficient
and effective heifer rearing. Intake of solid feeds is
vital to the calf for transitioning from a pre-ruminant
animal to a functional ruminant (Heinrichs 1993), but

a wide range of starter and grower feeds are com-
monly fed to dairy calves less than 4mo of age world-
wide. Thus, to elucidate optimal feeding strategies for
calves at weaning transition or early post-weaning
periods are crucial areas of research to improve dairy
profitability.

Moreover, the price of cereal grains and tradition-
ally fed protein concentrates (e.g. soybean meal) has
risen steadily, increasing the cost of animal feeding.
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Consequently, finding adequate replacements for
these feed ingredients have become a priority for live-
stock producers. And the use of greater levels of
home-grown forages, such as alfalfa, could aid to off-
set these costs if proper growth rates are sustained.
As such, there is a current trend to feed weaned
calves with low cereal but high fibre diets. Although
this type of formulation strategy has been used in the
field, few research-based information about its nutri-
tive value is available and research is warranted.
Because forages and concentrates differ greatly in
rates and extents of ruminal digestion, their ability to
support microbial growth in the rumen also differs
(Ramos et al. 2009), with potential effects on rumen
development.

Forage consumption promotes muscular develop-
ment of the rumen (Beiranvand et al. 2014) and stimu-
lates rumination and flow of saliva into the rumen
(Nemati et al. 2015). However, forages are less energy
dense and digestible compared with starter feeds, and
could, therefore, delay rumen epithelial development
and suppress the growth of young ruminant animals
(Stobo et al. 1966; Hill et al. 2008). Furthermore, for-
ages may not promote sufficient production of rumen
VFA, required for optimal papillae development com-
pared with concentrate feeds. However, concentrate
feeds may promote keratinisation of the papillae in
calves (Lesmeister and Heinrichs 2004; Khan et al.
2008). Thus, the prevention of digestive disorders is
also of utmost importance. Early intake of high con-
centrate diets may cause a rapid accumulation of
ruminal VFA and lactic acid accompanied by a
decrease in pH (Anderson et al. 1987; Beharka et al.
1998) and rumen motility (Owens et al. 1998), keratin-
isation of the rumen papillae (Bull et al. 1965), and
hence decreased VFA absorption (Hinders and Owen
1965). Moreover, forages have greater NDF and lower
NFC than concentrate feeds potentially affecting the
rumen development of calves. Most recently, Xue et
al. (2019) reported that the ratio of NFC to NDF
affected the development of rumen papillae, particu-
larly length and width, in Charolais bull calves.

Thus, finding the optimum balance between for-
ages and concentrates to ensure adequate rumen
development while ensuring rumen health is key for
incorporating more home-grown forages to the diet.
The optimum dietary forage requirements for weaned
calves (2–4mo of age), however, is unclear as trials
investigating the forage level in diets of weaned
calves had inconsistent results. Some investigators
concluded that decreasing forage level of the diet
increased DM intake (Hill et al. 2010; Dong et al. 2019;

Aragona et al. 2020), while others have seen no
advantage (Rotger et al. 2005). Overall, there is a dis-
crepancy in the literature and hence finding an appro-
priate forage to concentrate ratio in weaned dairy
calves could ensure adequate rumen health and devel-
opment while improving performance.

Determining the proper level of forage inclusion in
diets for optimal calf growth will benefit the dairy
industry greatly. Few research trials have been con-
ducted on the effects of forage level on the perform-
ance of weaned calves; furthermore, data on
rumination behaviour are still lacking in the literature.
Therefore, the objective of this study was to deter-
mine the effect of the inclusion of incremental levels
of forage on growth, digestibility, behaviour, and
blood parameters of weaned calves (between 70 and
120 d of age). We hypothesised that calves fed lower
forage level would have greater performance from d
70 to 120 of age compared with calves fed a higher
proportion of forage.

Materials and methods

The present experiment was carried out at Emdad
Sepahan Goldasht Agriculture and Animal Husbandry
Co. (Isfahan, Iran). Animal procedures were performed
in accordance with protocol no. IRN-19293, approved
by the Iranian Council of Animal Care (1995).

Animal, management and treatments

Forty-five 70-d-old Holstein female calves were
weighed (mean BW ¼ 71.7 ± 4.4 kg), and moved to
individual pens (1� 3m), bedded with sand daily.
Calves were balanced for birth BW and randomly
assigned to one of three treatments (15 calves per
treatment) as follows: 1) forage-to-concentrate ratio
of 50:50 (F50–C50); 2) forage-to-concentrate ratio of
35:65 (F35–C65); and 3) forage-to-concentrate ratio of
20:80 (F20–C80). The diet contained chopped alfalfa
hay as the sole forage source and concentrate feeds
(ground barley and corn (3-mm screen), soybean meal,
and wheat bran; Table 1). Particle size distribution of
alfalfa hay (DM basis) was determined using the Penn
State Particle Separator (Kononoff et al. 2003) and
averaged 26.3% long, 32.9% medium, 24.1% short,
and 16.7% fine particles and the geometric mean of
particle size was 7.31mm. All diets were formulated
according to the Cornell Net Carbohydrate and
Protein System version 5.1. All calves had free access
to fresh water and feed intake (targeted for 5–10%
refusals after 24 h), and feed refusal from each
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individual calf was collected before 0800 h. Animals
were fed at 0830, 1600, and 2400 h. As shown in Table
1, a combination of corn grain (from 18% to 31% of
DM), barley grain (from 10% to 18% of DM), soybean
meal (from 13% to 16% of DM), and wheat bran (from
5% to 12% of DM) replaced alfalfa hay (from 50% to
20% of DM) as the concentrate level increased in the
diets. Concentrate composition was modified for each
diet as an attempt to keep the same concentration
of CP.

Before the experiment, all calves had similar man-
agement and nutrition practices. Immediately after
birth, calves were separated from their dams, weighed,
and moved to individual pens (1� 3m) bedded with

sand daily. Calves consumed 10% of their body weight
of colostrum within 1 h of life and 3.5 L of colostrum
9h after the first feeding. The step-up/step-down
method was used for milk feeding. All calves were fed
4 L/d of milk from d 2 to 30 of age and then 7 L/d
from d 31 to 45; and 5 L/d from d 46 to 55 and 2 L/d
from d 56 to 60. The calves were weaned at d 60 of
age. All calves were fed pasteurised whole milk
(3.62 ± 0.11% fat, 3.18 ± 0.02% CP, 5.25 ± 0.11% lactose,
and 12.35 ± 0.38% total solids) in steel buckets. Calf
health was checked daily by a veterinarian and sick
calves were treated by a veterinarian as required.
Starter feed with ground physical form (without for-
age) was fed ad libitum until 20 d of age. After that,
calves fed ground starter with 10% alfalfa hay until d
70 of age. All calves had free access to clean drinking
water from a bucket throughout the experimen-
tal period.

Sampling and laboratory analyses

Dry matter intake was determined daily. Individual
body weights were recorded at d 70, 95, and 120 of
age before morning feeding. First (from d 70 to 95 of
age), second (from d 96 to 120 of age), and overall
(from d 70 to 120 of age) means of average daily gain
(ADG), feed efficiency (kg of BW gain/kg of DMI), and
energy to gain ratio (energy intake/ADG) were calcu-
lated. Feed samples were collected every week
throughout the study and stored at �20 �C until
chemical analysis. Subsamples of feeds were mixed
thoroughly, dried in a forced-air oven at 60 �C for 48 h,
ground to pass through a 1-mm screen, and analysed
for DM (method 925.40; AOAC, 2002), CP (method
2001.11; AOAC 2002), ether extract (method 920.39;
AOAC 2002), ash (method 942.05; AOAC 2002), and
NDF using heat-resistant alpha-amylase and sodium
sulphite (Van Soest et al. 1991) with the Ankom Fibre
Analyser system (Ankom Technology, Macedon, NY).
Starch was hydrolysed to glucose using a modified
glucoamylase method as described by Zhu et al.
(2016), and glucose concentration was analysed using
an enzymatic-colorimetric method. Non-fibre carbohy-
drates (NFC) were calculated as: NFC ¼ 100 –
(NDFþCPþ EEþAsh; all values as a % of DM).

Particle size distributions of representative sub-sam-
ples of feed were determined (in triplicate) on an as-
fed basis using the Penn State Particle Separator
(PSPS; NASCO, Fort Atkinson, WI) equipped with 3
sieves (19, 8, and 1.18mm) and a bottom pan. The
DM retained on each sieve of the PSPS was deter-
mined by oven drying at 60 �C for 48 h and the

Table 1. Ingredients, chemical composition and particle size
of treatments.

Forage: concentrate ratio

Item 20:80 35:65 50:50

Ingredients, % of DM
Alfalfa hay 20.0 35.00 50.0
Ground corn 31.1 24.70 18.60
Ground barley 17.9 13.40 10.30
Soybean meal 16.1 14.70 13.0
Wheat bran 11.7 9.00 5.0
Bicarbonate sodium 0.70 0.70 0.70
Mineral supplementa 0.40 0.40 0.40
Vitamin supplementb 0.40 0.40 0.40
Di-calcium phosphate 0.50 0.50 0.50
Salt 0.40 0.40 0.40
Calcium carbonate 0.60 0.60 0.50
Magnesium oxide 0.20 0.20 0.20

Chemical composition, % of DM
DM, % of as fed 89.40 90.10 90.0
OM 91.90 91.20 90.70
CP 17.00 16.80 16.40
Ether extract 2.90 2.60 2.30
NDF 25.20 29.90 34.20
ADF 10.90 14.20 18.50
NFCc 46.80 41.90 37.80
NFC:NDF ratio 1.850 1.40 1.10
Starch 36.70 29.0 22.10
MEd, Mcal/kg DM 2.71 2.52 2.33

% of DM retained on sieves
19.00mm 8.20 10.10 19.50
8.00mm 9.80 13.70 12.90
1.18mm 28.50 23.20 21.90
Pan 53.40 52.90 45.60

peNDF8,
e % of DM 4.59 6.85 10.27

peNDF1.18,
e % of DM 11.86 13.53 17.21

GMPSf, mm 2.02 2.30 3.39
SDPSf, mm 2.37 2.53 2.87

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral
detergent fiber; ADF: acid detergent fiber.
aContained (mg/kg): Co, 150; Cu, 4000; I, 170; Mn, 10,000; Zn, 16,000; Fe,
600; Ca, 240,000; Se, 90; monensin, 2000.
bContained (U/kg): vitamin A, 1,200,000; vitamin D, 350,000; vitamin E,
12,000; biotin, 200mg/kg.
cNFC calculated as 100 – (% NDF þ % CP þ % ether extract þ % ash)
(NRC 2001).
dMetabolizable energy was calculated using NRC (2001) equations with
the values from the analyses for diet.
epeNDF8 and peNDF1.18 ¼ physically effective NDF determined as NDF
content of forage or diet multiplied by physical effectiveness factor > 8
and physical effectiveness factor > 1.18, respectively.
fGeometric mean of particle size (GMPS) and standard deviation of par-
ticle size (SDPS) were calculated as described by the American Society of
Agricultural Engineers (ASABE 2003, method S319.3).
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physical effectiveness factor (pef) was determined as
the proportion of DM retained on the top 2 sieves
(8þ 19mm; pef8; Lammers et al. 1996) and on 3 sieves
(1.18þ 8 þ 19mm; pef1.18; Kononoff et al. 2003) of the
PSPS. The peNDF8 and peNDF1.18 concentrations were
calculated by multiplying the NDF concentration of
the feed (% of DM) by pef8 and pef1.18, respectively.
The geometric mean of particle size (GMPS) was calcu-
lated according to the ASABE (2003; method S319.3)
procedure. Ingredient, nutrient compositions, and par-
ticle size distribution of the diets are in Table 1.

Health and faecal scores were recorded daily at
0800 h while calves were in individual pens and were
averaged by week. Faecal scoring was conducted
using the procedure of Khan, Lee, Lee, Kim, Kim, et al.
(2007) as follows: 1¼normal, 2¼ soft, 3¼ runny, and
4¼watery. Health score was conducted using the pro-
cedure of Roth et al. (2009) as follows: 1¼ normal,
alert and no incidence of cough; 2¼ slightly impaired,
sporadic coughing, lop-eared, watery discharge or dry
nose, slight watering eyes, swollen and without dis-
charge navel; 3¼ severely impaired, repeated cough-
ing, purulent discharge nose, swollen and with
discharge navel.

Body measurements including withers height (dis-
tance from base of the front feet to the withers), heart
girth (circumference of the chest), abdominal girth (cir-
cumference of the belly before feeding), hip height
(distance from base of the rear feet to hook bones)
and hip width (distance between the points of hook
bones) of each calf were measured according to Khan,
Lee, Lee, Kim, Ki, et al. (2007) at the start of the
experiment (d 70), d 95 and the end of the study
(d 120).

Data on behavioural parameters including lying (no
chewing activity), standing (no chewing activity), eat-
ing feed, ruminating (either lying or standing), and
nonnutritive oral behaviour (when the animal licked
any surface or tongue rolled) monitored according to
Terre et al. (2013) by direct observations of each ani-
mal on d 119 of age. Calves were observed for 8 h
after offering the solid feed at 0800 until before the
solid feed offer at 1600.

On d 95 and 120 of age, rumen fluid samples were
collected from 10 calves with a stomach tube 4 h after
morning feeding; the first 50mL was discarded to
avoid saliva contamination. The pH of the original
rumen fluid sample was immediately measured with a
hand-held calibrated pH metre (HI 8318; Hanna
Instruments, Cluj-Napoca, Romania).

On d 95 and 120 of age, 5mL of blood samples
were collected into vacutainer tubes (Becton

Dickinson, Franklin Lakes, NJ) from the jugular vein of
eight random calves per treatment at 3 h after morn-
ing feeding. Plasma was collected from samples after
centrifugation at 3000� g at 4 �C for 20min and 2 ali-
quots of separated plasma stored at �20 �C until sub-
sequent assays were conducted. Plasma glucose
[glucose oxidase-phenol 4-aminoantipyrine peroxidase
(GODPAP) method], cholesterol [cholesterol oxidase-
phenol 4-aminoantipyrine peroxidase (CHOD-PAP)
method], urea (Berthelot method), albumin (bromocre-
sol green method), and total protein concentrations
(Biuret method) were determined using commercially
available kits (Pars Azmoon Company, Tehran, Iran)
according to the manufacturer’s instructions by using
standard test kits on an ALCYON 300i automatic ana-
lyser (Abbott Laboratories Ltd., Chicago, IL). Plasma
globulin was determined by subtraction of albumin
from total serum protein. Concentrations of b-hydroxy-
butyrate (BHB) in plasma samples were determined
with a commercial colorimetric kit (kit number
RB1007, Randox Laboratories Ltd., Ardmore, UK).

Faecal grab samples were collected directly from
the rectum of those calves used for blood sample col-
lection after morning and evening feedings for the
last 4 days of the experiment to determine nutrient
digestibility. Samples were frozen (�20 �C) until ana-
lysis. These samples were dried in a forced-air oven at
60 �C for 72 h, ground to pass through a 1-mm screen,
and analysed for nutrients, as described above.
Apparent total-tract digestibility of nutrients was
determined using acid-insoluble ash as an internal
marker (Van Keulen and Young 1977). The calculation
of DM digestibility was as follows: DM digestibility (%)
¼ 1 – (A/B) � 100; where A and B were the AIA con-
centrations in the feed and faeces, respectively. The
nutrient digestibilities (X) were calculated as: X digest-
ibility (%) ¼ [1 – (A/B) � (XB/XA)]� 100; where XA
and XB were the nutrient concentrations in the feed
and faeces, respectively.

Statistical analyses

Statistical analyses were performed using PROC MIXED
in SAS (2002) (version 9.3; SAS Inst. Inc., Cary, NC),
with calf as the experimental unit. Data were analysed
separately for the first (from d 70 to 95 of the age)
and second (from d 96 to 120 of the age) periods. For
each period, model for feed and energy intakes
included the fixed effect of the treatments, days of
study as a repeated variable, and their interaction. For
growth parameters model included the effects of
treatments and initial data as a covariate variable. For

1320 A. KARAMI ET AL.



the overall (from d 70 to 120) period, model consisted
of treatments, days of study, interaction between
treatments and days of study and initial values as
covariate variables. Before analyses, all data were
screened for normality using the UNIVARIATE proced-
ure of SAS. An autoregressive (order 1) covariance
structure was chosen based on the Akaike and
Bayesian information criteria. Categorical data such as
health data (faecal score, days with scours) were ana-
lysed using a multivariable logistic mixed model
(GLIMMIX procedure of SAS). Polynomial orthogonal
contrasts were used to test the linear and quadratic
models. Significant differences and tendencies were
stated at p< .05 and .05� p< .10, respectively.

Results

As shown in Table 1, dietary NDF decreased whereas
NFC increased with an increase in concentrate level.
The physical characteristics of the diets are shown in
Table 1. The proportion of particles retained on the
19- and 8-mm sieves of the PSPS decreased, while the
proportion of particles retained on the 1.18-mm and
pan increased with greater concentrate proportion in

the diet. Consequently, peNDF and GMPS were
reduced as forage was replaced with concentrate.

Dry matter and energy intakes, ADG, and feed effi-
ciency results are presented in Table 2. The DM
(Figure 1) and energy intakes increased linearly
(p< .05) with increasing concentrate levels in the first,
second, and overall periods. The ADG also increased
linearly as forage was replaced with concentrate
(p< .05). Furthermore, increasing concentrate in the
diets linearly increased gain to feed ratio in first
(p¼ .01) and overall (p¼ .02) periods. However, the
treatments had no effect on the energy to gain ratio.
The BW at d 95 (p¼ .005) and 120 (p¼ .0001) of
age increased linearly as alfalfa hay was replaced with
concentrate. Health score (p¼ .02) and days with score
� 2 (p¼ .01) were greater in calves fed F35 than
other treatments.

A quadratic effect was observed for ruminal pH
(p¼ .005) at d 95 with greater values for F35 fed
calves than F50 and F20 fed calves (6.95, 6.62 and
6.42, respectively). However, ruminal pH decreased lin-
early (p¼ .004) at d 120 with increasing concentrate
levels (Table 3). Quadratic effects were observed for
DM (p¼ .03), and ADF (p¼ .002) digestibilities and a

Table 2. Dry matter intake, energy intake, body weight (BW), average daily gain (ADG), and feed conversion
ratio for weaned Holstein heifers (n¼ 15 per treatment) fed diets with different forage to concentrate ratio.

Forage: concentrate ratio

SEM

Contrast p-value

Items 20:80 35:65 50:50 Linear Quadratic

Dry matter intake, kg/d
d 70–95 2.98 2.86 2.76 0.060 0.001 0.91
d 96–120 4.16 3.98 3.91 0.077 0.020 0.56
Overall (d 70–120) 3.57 3.42 3.34 0.050 0.002 0.60

Energy intake, Mcal/d
d 70–95 8.19 7.45 6.92 0.252 0.001 0.68
d 96–120 11.43 10.46 9.86 0.277 0.002 0.52
Overall (d 70–120) 9.81 8.96 8.41 0.250 0.0003 0.61

Average daily gain, kg/d
d 70–95 1.06 0.94 0.89 0.039 0.004 0.44
d 96–120 1.11 0.95 0.96 0.046 0.020 0.14
Overall (d 70–20) 1.08 0.94 0.93 0.032 0.001 0.14

Gain to feed ratio
d 70–95 0.35 0.33 0.32 0.008 0.01 0.52
d 96–120 0.26 0.23 0.24 0.011 0.13 0.21
Overall (d 70–120) 0.30 0.27 0.27 0.008 0.02 0.20

Energy to gain ratio, Mcal/kg
d 70–95 7.77 7.95 7.88 0.227 0.72 0.64
d 96–120 10.30 12.20 10.50 1.010 0.88 0.16
Overall (d 70–120) 9.10 10.10 9.20 0.560 0.84 0.18

BW, kg
d 70 71.50 72.40 71.10 1.430 0.84 0.55
d 95 98.20 94.70 94.30 0.950 0.005 0.17
d 120 126.20 119.60 118.40 1.240 0.0001 0.06

Faecal score 1.23 1.30 1.07 0.117 0.32 0.30
Days with score � 3 0.40 0.53 0.13 0.140 0.19 0.13

Health score 1.01 1.04 1.01 0.009 0.85 0.02
Days with score � 2 0.80 2.06 0.66 0.422 0.82 0.01

SEM: standard error of the mean.
Faecal score ¼ 1–4 (1¼ normal, 2¼ soft, 3¼ runny, and 4¼watery).
Health score ¼ 1–3; (1¼ normal, alert and no incidence of cough; 2¼ slightly impaired, sporadic coughing, lop-eared, watery
discharge or dry nose, slight watering eyes, swollen and without discharge navel; 3¼ severely impaired, repeated coughing,
purulent discharge nose, swollen and with discharge navel).
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tendency for a quadratic response was observed for
NDF (p¼ .05) digestibility, with lower values of DM
(72.5 vs 79.5%), NDF (60.7 vs 65.8%), and ADF (50.1 vs
60.2%) digestibilities for F35 calves than the F50 and
F20 animals.

Final heart girth (p¼ .001) and hip height (p¼ .04)
increased and final hip width tended to increase
(p¼ .08) linearly with concentrate inclusion levels
(Table 4). Also, the withers height at d 95 (p¼ .02) and
120 (p¼ .001) increased linearly as alfalfa hay was
replaced with concentrate. However, abdominal girth
was unaffected by treatments.

As shown in Table 5, blood urea nitrogen (BUN)
decreased at d 95 (p¼ .01) and tended to decrease at

d 120 (p¼ .09) linearly with increasing concentrate lev-
els, without any treatment effects on total protein,
albumin, and globulin. Glucose increased (p¼ .006)
whereas BHB decreased (p¼ .001) linearly at d 95 with
decreasing forage levels.

Lying behaviour (p¼ .04) increased linearly as con-
centrate was replaced for alfalfa hay (Table 6).
However, rumination activity decreased linearly
(p¼ .002). Treatments tended to have a quadratic
effect on nonnutritive oral behaviour (p¼ .08) with
higher values observed for F35 than F50 and F20
calves (37.7, 27.3, and 30.2min, respectively).

Ages of calves (day)

60 70 80 90 100 110 120 130

D
M

 in
ta

ke
 (

kg
/d

)

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

F50
F35
F20

Figure 1. Mean dry matter (DM) intake (kg) in calves (15 per
treatment) fed diets with different forage to concentrate ratio.
Error bars represent the standard error of the mean at each
time point. Values are shown separately for Holstein calves fed
diet forage-to-concentrate ratio of 50:50 (F50; �); forage-to-
concentrate ratio of 35:65 (F35; �), and forage-to-concentrate
ratio of 20:80 (F20; �). During the study, p-values for the lin-
ear effects of treatments, day and interaction between treat-
ments and day were .008, < .0001 and .89, respectively and
SEM was .050.

Table 3. Ruminal pH (n¼ 15 per treatment) and total tract
nutrient digestibility (n¼ 8 per treatment) for weaned
Holstein heifers fed diets with different forage to concen-
trate ratio.

Forage: concentrate ratio

SEM

Contrast p-value

Items 20:80 35:65 50:50 Linear Quadratic

Ruminal pH
d 95 6.42 6.95 6.62 0.114 0.22 0.005
d 120 6.23 6.55 6.72 0.109 0.004 0.61

Digestibility, % of DM
DM 79.2 72.5 79.8 2.590 0.87 0.03
OM 81.1 78.8 81.6 2.290 0.89 0.37
CP 76.1 76.5 81.7 2.580 0.14 0.44
EE 81.3 77.9 76.7 3.160 0.31 0.79
NDF 68.1 60.7 63.5 1.910 0.12 0.05
ADF 61.7 50.1 58.8 2.530 0.42 0.002

SEM: standard error of the mean; DM: dry matter; OM: organic matter;
CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber.

Table 4. Structural parameters for weaned Holstein heifers
(n¼ 15 per treatment) fed diets with different forage to con-
centrate ratio.

Forage: concentrate ratio

SEM

Contrast p-value

Items 20:80 35:65 50:50 Linear Quadratic

Heart girth, cm
d 95 102.3 102.0 101.3 0.53 0.16 0.80
d 120 112.5 110.5 109.1 0.69 0.001 0.74

Abdominal girth, cm
d 95 124.2 126.1 126.3 0.93 0.12 0.43
d 120 137.8 136.7 138.2 1.37 0.82 0.45

Withers height, cm
d 95 90.8 90.4 89.5 0.41 0.02 0.68
d 120 97.0 96.2 94.7 0.45 0.001 0.51

Hip height, cm
d 95 95.6 95.2 94.8 0.47 0.24 0.95
d 120 101.8 101.2 100.2 0.50 0.04 0.78

Hip width, cm
d 95 23.8 23.6 23.5 0.22 0.29 0.98
d 120 26.9 26.2 26.3 0.24 0.08 0.30

SEM: standard error of the mean.

Table 5. Plasma metabolites for weaned Holstein heifers
(n¼ 8 per treatment) fed diets with different forage to con-
centrate ratio.

Forage: concentrate ratio

SEM

Contrast p-value

Items 20:80 35:65 50:50 Linear Quadratic

Glucose, mg/dL
d 95 104.3 99.3 92.5 2.86 0.006 0.79
d 120 112.0 100.3 103.7 3.88 0.14 0.13

Cholesterol, mg/dL
d 95 64.6 67.6 71.0 4.48 0.33 0.96
d 120 71.9 76.0 73.6 4.57 0.80 0.56

Blood urea nitrogen, mg/dL
d 95 25.07 32.3 34.5 2.42 0.01 0.40
d 120 32.7 31.0 37.3 1.90 0.09 0.10

b-hydroxybutyric acid, mmol/L
d 95 0.24 0.42 0.43 0.034 0.001 0.05
d 120 0.25 0.31 0.29 0.043 0.46 0.41

Total protein, g/dL
d 95 6.9 7.2 7.0 0.14 0.75 0.23
d 120 7.2 7.1 7.0 0.21 0.78 0.81

Albumin, g/dL
d 95 3.7 3.8 3.7 0.08 0.52 0.53
d 120 3.8 3.8 3.8 0.07 0.53 0.92

Globulin, g/dL
d 95 3.2 3.3 3.2 0.11 0.90 0.61
d 120 3.4 3.2 3.3 0.15 0.87 0.70

SEM: standard error of the mean.
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Discussion

In agreement with our results, increasing dietary con-
centrate levels and NFC/NDF ratio enhanced intake of
DM in previous studies (Hill et al. 2010; Dong et al.
2019). Aragona et al. (2020) showed in calves with
2–4months of age that DMI was greater for calves fed
limited chopped versus free choice long hay diets. It is
well documented that DMI of ruminants is limited by
physical distension of the gastrointestinal tract and due
to the positive association between forage NDF and
bulk density of the diet, increasing forage to concen-
trate ratio generally decreases feed intake (Allen 2000).
Jahn et al. (1970) reported that gut fill increased lin-
early, from approximately 10% to 24% of BW, as ADF
increased from 5% to 34% of DM. Strozinski and
Chandler (1971) reported that gut fill linearly increased,
from approximately 8% to 20% of BW, as ADF
increased from 3% to 26% of DM. In the current trial,
the ADF increased from 10.9% to 18.5% of DM, and
possibly limited consumption of DM due to gut fill.

Particle retention time in the rumen also affects
performance. Vazquez-Anon et al. (1993) reported
mean retention of particles in the rumen increases
from 22 h at 7 wk of age to 44 h at 13 wk of age in
calves fed diets consisting of 15% chopped grass hay
and 85% concentrate when weaned at 5 wk of age.
This implies that greater rumen digestion occurs as
the calf ages and suggests that forages such as alfalfa
hay may be better suited for older calves. Younger
calves should be fed diets with digestible ingredients
that support rumen development and provide
adequate particle size to prevent hyper-keratinisation
of papillae to achieve optimal performance (NRC
2001). Differences in intake in the current trial indicate
that rumen fill was likely restricting intake of the high
forage treatment group. For high-producing dairy
cows, it was previously established that diets contain-
ing more than 32% NDF could limit DMI (Zebeli et al.
2008). However, a similar dietary NDF and NFC/NDF
ratio guideline for 2–4month-old calves has not been
reported and deserves further investigation.

In the current trial, energy intake, ADG, and BW fol-
lowed a similar pattern to DMI. Consequently, greater
ADG was achieved in the current study as a combin-
ation of higher energy density and increased feed
intake with greater dietary concentrate levels.
Restricted intake, combined with a presumed lower
energy intake of hay versus concentrate could lessen
growth rates of calves fed high forage diets (Hill et al.
2019). Similar to our findings, Hill et al. (2010), Dong
et al. (2019), and Aragona et al. (2020) reported that
ADG increased with increasing concentrate levels and
NFC/NDF ratio in the diet. High starch and NFC/NDF
ratio diets have been shown to improve growth in
calves with more than 8 wk of age compared with
low starch and NFC/NDF ratio diets (Hill et al. 2008,
2012, 2016). In contrast, increasing the forage level
reduced the growth of calves (Hill et al. 2010, 2012).
Most recently, Aragona et al. (2020) observed that
calves fed high starch diet or limited chopped hay
diet had greater feed efficiency, ADG, and BW than
calves fed low starch diet or a diet with free choice of
long hay. In the current study, increasing the concen-
trate level had increased starch level in diets and
improved DMI and ADG in calves.

Gain to feed ratio linearly increased with greater
concentrate level, however, energy to gain ratio was
similar between treatments. These findings suggest
that the increased ADG in calves consuming lower for-
age diets was likely related to greater DM and energy
intake. These results indicated that energy is the most
important factor for weaned calves and diets with
higher energy content improve performance and
growth. It was reported that ADG/DMI increased lin-
early (p< .001; R2 ¼ 0.83) as starch concentration of
dry feed increased (Hu et al. 2018).

Total-tract digestibility of DM, NDF, and ADF were
lowest for calves fed the F35 diet. We are uncertain of
what caused these results, but F35-fed calves had
greater rumen pH at d 95 than other treatments, sug-
gesting lower digestibility and VFA accumulation in
the rumen. Moreover, these calves tended to have
greater non-nutritive oral behaviour (min) and health

Table 6. Total time devoted to performing different behaviours during 8 h of observation for weaned Holstein
heifers (n¼ 15 per treatment) fed diets with different forage to concentrate ratio.

Forage: concentrate ratio

SEM

Contrast p-value

Items 20:80 35:65 50:50 Linear Quadratic

Standing, min 82.3 73.4 67.7 9.98 0.14 0.81
Lying, min 190.6 151.2 159.3 14.86 0.04 0.06
Eating, min 96.3 114.5 109.1 11.54 0.27 0.24
Rumination, min 80.7 102.7 116.7 7.92 0.002 0.66
Non-nutritive oral behaviour, min 30.2 37.7 27.3 7.19 0.68 0.08

SEM: standard error of the mean.
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scores than other treatments. Non-nutritive oral
behaviours are often considered as an index of poor
welfare as these are thought to be related to frus-
trated feeding activity (Redbo and Nordblad 1997).

Although the concentrate level in the offered diets
was different (50–80% of DM), average ruminal pH
was higher than the recommended range of 6.2 ± 0.5
(Van Soest 1994) throughout the trial indicating
physiological ruminal fermentation patterns in all
treatments. Rumen pH linearly decreased with increas-
ing concentrate and NFC/NDF ratio in diets as a
response to greater amounts of rapidly fermentable
starch and NFC but reduced peNDF and NDF. Lascano
et al. (2016) and Kljak et al. (2017) observed a similar
rumen pH response. Increasing dietary fibre through
the inclusion of forages increases peNDF, which has
been associated with increased chewing activity and
rumination (Mertens 1997). Furthermore, it increases
salivary secretion and rumen buffering capacity in the
ruminant animal, explaining the effect in ruminal pH
observed in the present study. Moreover, Zebeli et al.
(2008) indicated ruminal pH was positively affected by
NDF but negatively by NFC and NFC:NDF ratio in
the diet.

We expected calves fed F20 have rumen pH below
6, because of low peNDF intake and high NFC/NDF
ratio. But despite the high levels of concentrate in the
F20 diet, no clinical signs of acidosis were observed in
any animal. These results agree with Rotger et al.
(2005), who reported high pH data (6.4) with heifers
fed high-concentrate diets (88% and 70% of DM).
Moreover, Beauchemin et al. (2003) observed that
when steers were changed from a high-forage to a
high-concentrate diet, the risk of acidosis decreased as
time progressed. Therefore, it is likely that animals
receiving the same high-concentrate diet from wean-
ing were probably adapted to the high-concentrate
intake and the risk of acidosis was minimised.

Typically, high DMI (Zanton and Heinrichs 2009)
and high fibre concentration (Porter et al. 2007) com-
promise diet digestibility. However, in the present
study, the digestibility of nutrients was similar among
treatments. This is consistent with the results reported
by Dong et al. (2019), which reported no effects of for-
age to concentrate ratio on DM and OM digestibilities.
In contrast to our findings, Lascano et al. (2016)
reported total-tract digestibility of DM, OM, NDF, and
ADF were reduced when heifers were fed 90% forage
diets in comparison with 45% forage diets. In addition,
Moody et al. (2007) reported that heifers fed low for-
age (33% corn silage) had greater apparent DM
digestibility but lower NDF digestibility than heifers

fed high forage (77% corn silage) diet. The reduced
total tract NDF digestibility observed in low forage
diets may, therefore, be due to the faster rate of pas-
sage of concentrate compared with forages.
Differences in forage source, quantity, and particle size
are possible reasons underlying these discrepancies
observed among studies. For example, corn silage was
the forage source fed in some experiments (Moody et
al. 2007; Lascano et al. 2016), but only alfalfa hay was
fed to calves in the present study.

In our trial, changes in ADG among treatments fol-
lowed a similar pattern to hip width and hip height,
indicating that a portion of the observed ADG was
structural. In line with our findings, Hill et al. (2010)
reported hip width decreased linearly as forage was
increased in diets. Furthermore, Aragona et al. (2020)
showed final hip width and change in hip width were
greater for calves fed limited chopped versus free
choice long hay diets. In addition, Hu et al. (2018)
reported the calves had greater hip width change
(p< .001; R2 ¼ 0.75) with increasing starch concentra-
tion in the diet. Our results demonstrated that
decreasing forage level coincides with increasing
starch concentration and NFC/NDF ratio of dry feed
not only improved ADG but also increased frame size
in Holstein calves up to 120 d of age. Alternatively,
Stamey et al. (2012) reported that greater protein
intake from dry feed supports lean tissue and struc-
tural growth in the calves. Although dietary protein
level was similar between treatments in the current
study, DMI (hence protein intake) increased linearly as
concentrate increased, which contributes to the struc-
tural growth of calves.

Plasma glucose concentration at d 95 increased lin-
early with decreasing forage level and NFC/NDF ratio.
In agreement with our results, Stobo et al. (1966)
reported higher glucose concentration in calves fed a
high-concentrate diet than the mean value found in
calves fed a high-roughage diet. Moreover, increased
glucose levels with lower forage inclusion could be
due to greater feed intake. This effect on glucose lev-
els may be related to higher energy availability, as
confirmed by ADG responses.

In the present study, BUN decreased linearly as con-
centrate was incorporated into diets. Urea level can be
influenced by dietary energy availability, as reported
by Abeni (2000). In agreement with previous studies
(Nemati et al. 2016), plasma BHB concentrations
decreased linearly as concentrate levels increased in
diets. It is well established that VFA are absorbed from
the rumen, but not all the VFA appears in peripheral
blood. Stobo et al. (1966) established that rumen
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epithelial cells metabolised butyrate and produced an
increase in the concentration of BHB in the por-
tal blood.

There are very few studies that evaluated the
effects of forage level on the behaviour of weaned
calves. In the present study, time devoted to rumin-
ation decreased and to lying increased with a reduc-
tion of the forage level in diets. Thus, when the forage
level was increased, calves spent more time ruminat-
ing as the NDF concentration increased in the forage.
The benefits of forage supplementation on stimulating
rumination have been previously demonstrated
(Castells et al 2012; Nemati et al. 2015). Rumination
time decreased linearly as concentrate replaced for-
age, and it was likely related to the decreased need
for particle size reduction (Beauchemin 2001). Intake
of peNDF is the main contributing factor to rumin-
ation time (Mertens 1997), and higher intake of peNDF
in calves fed high forage diets likely caused the longer
rumination time than calves fed low forage diets. The
results of the current experiment showed that intake
of peNDF, similar to lactating cows, probably are the
main contributing factors to rumination time in
weaned calves. Furthermore, calves spent more time
lying in the current study when fed greater levels of
concentrate, suggesting that these calves were less
active. Differences in lying behaviour among treat-
ments could be explained by calves fed high-forage
diets spending more time ruminating, which occurs
primarily while lying. In addition, results of the present
study showed a tendency for quadratic effect of for-
age level on the non-nutritive oral behaviour, with
higher values observed for F35 than F50 and F20
calves, which might be related to digestive health
issues and animal discomfort (Leruste et al. 2014).
Therefore, greater faecal score in these calves could
be partially attributed to higher non-nutritive oral
behaviour, possibly due to lower fibre digestibility and
numerically poor energy utilisation efficiency. In con-
firmation of our results, it has been shown that cross-
sucking in calves as a non- nutritive oral behaviour
was associated with reduced BW at weaning
(Mahmoud et al. 2016). Moreover, there was a lesser
amount of time devoted to lying in calves fed F35
diets. Sufficient resting is particularly important for
growing animals, and lying behaviour might be an
important indicator of calf comfort (Bonk et al. 2013).
Therefore, behaviour responses of calves in F35 group
might be indicative of their poor welfare status.
However, more detailed research is needed to under-
stand the effects of weaned calves’ behaviour on

performance and energy utilisation efficiency during
grower phase and their future lactation performance.

Conclusion

Our results indicate that lower forage to concentrate
and NDF to NFC ratio in diets adjusted for protein
concentration improved the performance of dairy
calves after weaning. This study supports that high-
concentrate diets with high NFC/NDF ratio given to
weaned calves at 70 d of age promoted faster growth
than high-forage diets, and forage should be fed at a
restricted level to calves from 70 to 120 d of age to
achieve optimal growth. Moreover, high concentrate
diet increased lying behaviour and decreased rumin-
ation behaviour.
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