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ABSTRACT

The objective of this study was to investigate the ef-
fects of the physical forms of starter and forage sources 
on feed intake, growth performance, rumen pH, and 
blood metabolites of dairy calves. Forty male Holstein 
calves (41.3 ± 3.5 kg of body weight) were used (n 
= 10 calves per treatment) in a 2 × 2 factorial ar-
rangement of treatments with the factors being physi-
cal forms of starter (coarse mash and texturized) and 
forage source [alfalfa hay (AH) and wheat straw (WS)]. 
Individually housed calves were randomly assigned to 
1 of the 4 dietary treatments, including (1) coarsely 
mashed (CM; coarse ground grains combined with a 
mash supplement) starter feed with AH (CM-AH), (2) 
coarsely mashed starter feed with WS (CM-WS), (3) 
texturized feed starter (TF; includes steam-flaked corn, 
steam-rolled barley combined with a pelleted supple-
ment) with AH (TF-AH), and (4) TF with WS (TF-
WS). Both starters had the same ingredients and nutri-
ent compositions but differed in their physical forms. 
Calves were weaned on d 56 and remained in the study 
until d 70. All calves had free access to drinking water 
and the starter feeding at all times. No interaction was 
detected between the physical forms of starter feeds 
and forage source concerning starter intake, dry mat-
ter intake, metabolizable energy (ME) intake, average 
daily gain (ADG)/ME intake, ADG, and feed efficiency 
(FE). The preweaning and overall starter feed intake, 
dry matter intake, and ME intake were greater for 
calves fed TF starter diets than those fed CM starter 
diets. The ADG/ME intake was greater for calves fed 
TF starter diets than that fed CM starter. The FE was 
greater for calves fed TF starter diets compared with 
those fed CM starter during the preweaning, postwean-

ing, and overall periods. The WS improved FE during 
the postweaning period compared with AH. The physi-
cal form of starter, forage source, and their interaction 
did not affect plasma glucose, triglycerides, and very 
low-density lipoprotein concentrations. Ruminal pH 
was greater for calves fed TF starter diets than those 
fed CM starter on d 30 of life. An interaction was ob-
served between the physical forms of starter diets and 
forage source for β-hydroxybutyrate on d 28. These re-
sults showed that when starter diets contained similar 
ingredients and nutrient contents, processing calf start-
ers to reduce the number of fine particles can improve 
the growth performance in dairy calves. Furthermore, 
the provision of WS improved FE and ADG of calves 
during the postweaning period.
Key words: dairy calf, starter physical form, forage 
source

INTRODUCTION

The ultimate goal of calf nutritionists is to maximize 
starter intake and weight gain before weaning. Both 
grain processing methods and physical forms of starter 
feed are important for easing the transition from preru-
minant to mature ruminant state (Jarrah et al., 2013; 
Mirzaei et al., 2016; Pazoki et al., 2017). The avail-
able information to date indicates that the processing 
of grain and ingredients of starter feed can alter the 
rumen fermentation pattern and the nutrients digest-
ibility (Huntington, 1997; Owens et al., 1997), thereby 
affecting starter intake and growth performance in 
dairy calves (Lesmeister and Heinrichs, 2004; Pezhveh 
et al., 2014; Pazoki et al., 2017). The literature on the 
effects of different physical forms of starter feed on calf 
performance is inconclusive. For example, Bach et al. 
(2007) and Porter et al. (2007) reported greater solid 
feed consumption in calves fed coarse ground than pel-
leted starter diets. In contrast, Mirzaei et al. (2016) and 
Pazoki et al. (2017) observed no differences in the intake 
and growth performance of dairy calves when compar-
ing a ground starter feed with a textured starter feed. 
Franklin et al. (2003) also reported a greater intake and 
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weight gain of calves fed a texturized starter than those 
fed a pelleted starter. The discrepancies between stud-
ies could be attributed to differences in forage provision 
among the studies (Imani et al., 2017), variations in the 
physical and chemical structure of starter diets (Khan 
et al., 2016), as well as the particle size of calf starters.

The particle size of calf starters has an important ef-
fect on rumen development (Suarez-Mena et al., 2016) 
and calf performance (Bateman et al., 2009). Feeding 
starter feed that is high in rapidly fermentable carbo-
hydrates can also reduce ruminal pH and increase the 
risk of ruminal acidosis (Beharka et al., 1998). Minimal 
particle size is required to prevent the abnormal devel-
opment of rumen papillae (Greenwood et al., 1997) and 
to prevent impaction of fine particles between papillae 
(NRC, 2001). Previous studies (Porter et al., 2007; Hill 
et al., 2008) indicated that starter feeds contain more 
than 75% of particles >1,190 µm in length are adequate 
to initiate rumination and to maintain normal ruminal 
fermentation in dairy calves that can be achieved by 
processing of grains in starter feeds.

Provision of dietary fiber in calf starter may be neces-
sary to maintain abrasion in the rumen and to prevent 
the buildup of keratin layer on the rumen epithelium 
(Greenwood et al., 1997), especially if the starter diets 
lack an adequate particle size or texture. It has been 
shown that the provision of forage to young calves can 
improve solid feed consumption, weight gain, as well 
as rumen fermentation (Mirzaei et al., 2016), stimulat-
ing the muscular layer of rumen wall (Beiranvand et 
al., 2014; Khan et al., 2016) and rumination behavior 
in young calves (EbnAli et al., 2016; Hosseini et al., 
2016). The results of a recent meta-analysis showed 
that forage provision to dairy calves had a beneficial 
effect on growth performance, but its effects can be 
modulated by forage level, forage source, and physical 
form of starter (Imani et al., 2017). However, limited 
information is available on how changes in the physical 
forms of starter feed and the source of supplemental 
dietary fiber influence the growth performance of dairy 
calves during the pre- and postweaning periods.

We tested the hypothesis that the effects of a physi-
cal form of starter on calf performance would depend 
on the source of forage. Further, we assumed that sup-
plementing forage alleviates the adverse effects associ-
ated with feeding dairy calves by rapidly degradable 
carbohydrates from a coarsely mashed starter, modi-
fies rumen conditions, and improves calf performance. 
Therefore, 2 physical forms of starter were fed along 
with 2 sources of forage to investigate their interactions 
on starter intake, growth performance, rumen pH, and 
blood metabolites of dairy calves both during the pre- 
and postweaning periods.

MATERIALS AND METHODS

Animals, Management, and Treatments

The current study was carried out between January 
28 and April 22, 2016, on a local dairy farm (Goldasht-
Nemone Agri. Animal Production Co., Isfahan, Iran) 
according to the guidelines of Iranian Council of Ani-
mal Care (1995). Forty male Holstein calves (41.3 ± 3.5 
kg of BW) were randomly assigned (n = 10 calves per 
treatment) in a 2 × 2 factorial arrangement of treat-
ments with the factors of the physical form of starter 
diets (coarse mash vs. texturized) and forage source 
(alfalfa hay or wheat straw). Calves were separated 
from their dams immediately after birth, weighed, and 
moved in a naturally ventilated barn with individual 
pens (1.2 × 2.5 m) bedded with sawdust, which was 
renewed every 1 to 2 d. The calves received 2.5 L of 
colostrum at each of the first 2 feedings (i.e., within 
1.5 h of life and 12 h after the first feeding). Colostrum 
feeding was carried out for the first 3 d of life. From the 
second feeding time until d 3 of life, all calves received 
colostrum and transition milk. The quality of colostrum 
was measured with a digital Brix refractometer (PAL-1, 
Atago Co. Ltd., Bellevue, WA) and was discarded if it 
measured lesser than 22 on the Brix scale (Bielmann et 
al., 2010). If the dam produced colostrum of insufficient 
quality or quantity, frozen-thawed colostrum with suf-
ficient quality was fed to the calf. Calves received 5 L/d 
of whole milk in steel buckets twice daily at 0800 and 
1700 from d 3 to 50 of the study followed by feeding 
2.5 L/d milk until d 56 of the study (Table 1). Calves 
were assigned to 1 of 4 dietary treatments, includ-
ing (1) coarsely mashed (CM; coarse ground grains 
combined with a mash supplement) starter feed with 
alfalfa hay (CM-AH), (2) CM starter feed with wheat 
straw (CM-WS), (3) texturized feed (TF; includes 
steam-flaked corn and steam-rolled barley combined 
with a pelleted supplement) starter with alfalfa hay 
(TF-AH), and (4) TF starter with wheat straw (TF-
WS; Table 1). Both starters had the same ingredients 
and nutrient compositions but differed in their physical 
form. Calves were weaned on d 56 and remained in the 
study until d 70 of the study. All calves had free access 
to clean, fresh water and the starter feed all the time. 
The offered feed was adjusted daily to achieve 5 to 10% 
orts (i.e., the portion of the starter not consumed over 
a 24-h period); orts were collected and weighed daily 
at 0800 h. The forage-supplemented calves received a 
starter feed containing 5% chopped alfalfa hay (AH; 
particle size distribution: 1.0 ± 0.0% greater than 18 
mm, 17.0 ± 0.4% between 8 and 18 mm, 41.0 ± 1.2% 
between 1.18 and 8 mm, and 41.0 ± 0.9% less than 
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1.18 mm; geometric mean particle = 2.51 ± 0.78 mm) 
or wheat straw (WS; particle size distribution: 2.0 ± 
0.4% greater than 18 mm, 39.0 ± 1.5% between 8 and 
18 mm, 43.0 ± 2.3% between 1.18 and 8 mm, and 16.0 
± 1.1% less than 1.18 mm; geometric mean particle size 
= 4.9 ± 0.2 mm) as a TMR mixed with concentrates 
throughout the study. Corn and barley grain were 
coarse ground using a hammer mill with a 3-mm screen 
size (model 5543 GEN, Isfahan Dasht, Isfahan, Iran). 
The nutrient compositions of the forage and starter are 
given in Tables 1 and 2, respectively. The treatment 
of disease followed the standard operating procedures 
at the Goldasht-Nemone Agri. Animal Production Co. 
(Isfahan, Iran) and sick calves were treated by a veteri-
narian accordingly.

Sampling and Laboratory Analyses

Individual intakes of starter (starter feed or TMR) 
and milk were recorded daily, and BW were recorded 
weekly using an electronic balance throughout the ex-
periment. Feed samples were collected weekly through-
out the trial and stored at −20°C before chemical 
analyses. Subsamples of feeds and refusals were mixed 
thoroughly, dried at 55°C for 48 h, and ground to pass 
through a 1-mm screen in a Wiley mill (Ogaw Seiki Co. 
Ltd., Tokyo, Japan) before chemical analyses for DM 
(method 934.01; AOAC, 1990), CP (method 988.05; 
AOAC, 1990), lipids (AOAC, 1990; method 920.39), 
and NDF contents using a heat-stable α-amylase (100 
µL/0.5 g of the sample) and sodium sulfite (Van Soest 
et al., 1991). Ten representative samples of milk were 
collected throughout the study and analyzed for fat, CP, 
lactose, and TS content by Milkoscan (Foss Electric, 
Hillerød, Denmark). Means of ADG and feed efficiency 
(kg of BW gain/kg of total DMI) were also calculated. 
Body length, wither height, heart girth, hip height, and 
hip width of the calves were measured according to 
Lesmeister and Heinrichs (2005) at weaning (d 56) and 
at the end of study (d 70).

Rumen fluid was collected at d 30 and 70 by a stom-
ach tube fitted to a vacuum pump at 3 h postfeeding; 

the first 50 mL was discarded to avoid possible saliva 
contamination. The pH of the original sample was mea-
sured using a pH meter calibrated before each reading 
(HI 8318; Hanna Instruments, Cluj-Napoca, Romania).

Blood samples were collected 3 h after the morn-
ing meal on d 28, 55, and 70 of life. Blood was taken 
from the jugular vein by evacuated tubes containing K2 
EDTA (Becton Dickinson Vacutainer Systems, Frank-
lin Lakes, NJ) and immediately placed on ice. All blood 
samples were immediately centrifuged at 2,850 × g for 
20 min at 4°C, and 1.5 mL of plasma was pipetted into 
2-mL cryotubes and stored at −20°C for subsequent 
analyses. Concentrations of blood metabolites were 
spectrophotometrically (UNICCO, 2100; Zistchemi 
Co., Tehran, Iran) determined using commercially 
available kits [Pars Azmoon Company, Tehran, Iran; 
catalog numbers: glucose (1–500–017), triglyceride 
(TG; 1–500–032)] according to the manufacturer’s 
instructions. Plasma BHB was determined by autoana-
lyzer using a laboratory kit (Randox Laboratories Ltd., 
Ardmore, UK).

Statistical Analyses

Data were analyzed separately for the preweaning 
(from d 3–56 of the study), postweaning (from d 57–70 
of the study), and overall (from d 3–70 of the study) 
periods. Statistical analyses were performed using the 
MIXED procedure of SAS (PROC MIXED, SAS 9.3, 
SAS Institute Inc., Cary, NC) with time (day or week) 
as repeated measures for starter feed intake, DMI, BW, 
ADG, and ME intake using the model

 Yijkl = µ + Ai + Fj + Pk + Tl + (F × T)jl   

+ (P × T)kl + (F × P)jk + (F × P × T)jkl  

+ β(Xi – X) + εijkl,

where Yijkl is the dependent variable; µ is the overall 
mean; Ai is the random effect of calf; Fj is the fixed 
effect of forage source; Pk is the fixed effect of physical 
forms of starter; Tl is the fixed effect of period, (F × T)jl  

Table 1. Mean (±SD) chemical composition of corn, barley, soybean meal, alfalfa hay, wheat straw (g/kg of DM), and whole milk (g/kg)

Item Corn grain Barley grain Soybean meal Alfalfa hay Wheat straw Whole milk

DM 88.1 ± 1.4 91.2 ± 1.3 89.1 ± 1.3 91.2 ± 1.1 92.30 ± 1.2 11.51 ± 0.2
CP 9.4 ± 0.7 12.4 ± 0.6 48.0 ± 0.4 14.5 ± 0.8 4.5 ± 0.1 2.95 ± 0.1
Ether extract 4.2 ± 0.4 2.2 ± 0.6 1.6 ± 0.4 2.51 ± 0.6 1.21 ± 0.6 3.13 ± 0.1
NDF 9.5 ± 0.8 20.8 ± 0.9 14.9 ± 0.7 44.8 ± 1.1 72.9 ± 0.1  ND1

ADF 3.4 ± 0.6 7.2 ± 0.5 10.0 ± 0.4 33.5 ± 1.1 49.1 ± 0.1 ND
Ash 1.7 ± 0.2 2.9 ± 1.9 4.80 ± 0.4 6.6 ± 0.2 ND ND
Starch 74.3 ± 0.4 52.3 ± 1.3 2.1 ± 0.3 ND ND ND
Lactose ND ND ND ND ND 4.52 ± 0.1
1ND = not determined.
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is the interaction between forage source and period; (P 
× T)kl is the interaction between the physical forms of 
starter and period; (F × P)jk is the interaction between 
forage source and the physical forms of starter; (F × 
P × T)jkl is the tripartite effect of forage source, the 
physical forms of starter, and period; β(Xi – X) is the 
covariate variable (for BW and skeletal growth, the 
initial values were considered as covariates); and εijkl is 
the random residual error, assuming N (0, σ2), where 
σ2 is variance. Before analyses, all data were screened 
for normality using the UNIVARIATE procedure of 
SAS. Autoregressive covariance structure was the best 
fit for these data as determined by the lowest Akaike’s 
information criterion. Initial BW was considered as a 
covariate for the weaning and final BW (d 56 and 70) 
analysis. Data on blood metabolites (d 28, 55, and 70) 
and skeletal growth parameters (d 56 and 70) were 

analyzed as a completely randomized design from di-
etary treatments. Rumen fermentation and structural 
growth variables were analyzed using a similar model 
but without the effect of time. Least squares means for 
treatment effects were separated by the use of PDIFF 
statement when the overall F-test was P ≤ 0.05.

RESULTS

Intake and Growth Performance

The results on DMI, starter intake, forage intake, ME 
intake, ADG, and feed efficiency are presented in Table 
3. No interaction was found between the physical forms 
of starter diets and forage source with respect to starter 
intake, DMI, ME intake, ADG, ADG/ME intake, and 
feed efficiency (FE). For total DMI, starter feed in-

Table 2. Ingredients, chemical composition, and particle size distribution of experimental diets

Item

Treatment

Coarse mashed

 

Texturized

Alfalfa hay Wheat straw Alfalfa hay Wheat straw

Ingredient, % of DM      
 Alfalfa hay 5.0 —  5.0 —
 Wheat straw — 5.0  — 5.0
 Barley coarse 19.0 18.6  — —
 Corn coarse 36.0 36.0  — —
 Steam-rolled barley — —  18.0 18.7
 Steam-flaked corn — —  37.5 35.0
 Soybean meal1 23.3 23.4  23.0 24.3
 Pishgam premix1,2 15.0 15.2  14.8 15.2
 Salt1 0.50 0.50  0.50 0.50
 Calcium carbonate1 1.20 1.30  1.20 1.30
Chemical composition, g/kg of DM      
 DM 90.0 90.0  90.0 90.0
 CP 21.84 21.77  21.80 21.79
 ME 2.86 2.85  2.94 2.93
 NEG 1.29 1.28  1.33 1.33
 NDF 18.3 19.5  18.8 20.0
 NFC3 51.0 50.0  51.0 50.0
 Ca4 0.82 0.80  0.82 0.80
 P4 0.47 0.47  0.45 0.46
Particles retained on the sieve, g/kg      
 4.75 mm 15.6 ± 0.4 20.6 ± 0.6  18.4 ± 1.0 19.6 ± 0.6
 2.36 mm 20.4 ± 1.0 25.2 ± 3.0  71.7 ± 0.3 69.1 ± 0.6
 1.18 mm 14.9 ± 0.6 12.0 ± 0.8  4.6 ± 0.5 4.2 ± 0.8
 0.6 mm 27.8 ± 0.4 24.6 ± 0.9  2.8 ± 0.4 3.3 ± 0.4
 0.3 mm 16.4 ± 0.6 13.8 ± 2.4  1.8 ± 0.3 2.5 ± 0.4
 0.15 mm 4.2 ± 0.3 3.3 ± 0.8  0.6 ± 0.0 1.1 ± 0.1
 Pan 0.5 ± 0.0 0.4 ± 0.2  0.0 ± 0.0 0.0 ± 0.0
GMPL5 (mm) 1.03 ± 0.01 1.23 ± 0.09  2.36 ± 0.05 2.30 ± 0.03
1All these ingredients were pelleted for texturized starter.
2Contained per kilogram of supplement (unless noted): DM = 93%, CP = 29%, fat = 6.5%, ME = 2.31 Mcal, NEG = 0.85 Mcal, NDF = 17.5%, 
Ca = 0.65%, P = 0.77%, NFC = 29%, Mg = 2 g, K = 0.99 g, Na = 1.6 g, Cl = 0.1 mg, Co = 23 mg, Mn = 43 mg, Se = 0.1 mg, Zn = 43 mg, 
vitamin A = 12,000 IU, vitamin D3 = 5,000 IU, vitamin E = 100 IU.
3Calculated as DM – (NDF + CP + ether extract + ash) (NRC, 2001).
4Estimated using the NRC (2001) model.
5GMPL = geometric mean particle length; calculated as described by the American Society of Agricultural Engineers (1983).
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take (Figure 1), and ME intake, we detected a physical 
forms of starter × week interaction (P < 0.01), whereas 
TF calves had greater intakes of total DM, starter feed, 
and ME compared with CM calves in wk 4, 5, 6, 7, 
and 8 of the experiment. Average daily gain (P < 0.01) 
and ADG/ME intake (P = 0.02) were also affected by 
physical forms of starter × week interaction so that 
TF-fed calves had greater ADG and ADG/ME intake 
than CM-fed calves in wk 4, 5, 6, 7, and 8 and during 
the postweaning period. A physical form of starter × 
week interaction was observed for FE with TF calves 
had a higher FE than AH calves in wk 6, 7, 8, 9, and 
10 (P < 0.05). A forage source × week interaction was 
observed for overall ADG, ADG/ME intake, and FE 
so that WS-fed calves had greater ADG, ADG/ME in-
take, and FE than AH-fed calves in wk 6, 7, and 8 and 
during the postweaning period (P = 0.01).

The preweaning (1.17 vs. 1.00 kg/d; P = 0.01) and 
overall DMI (1.50 vs. 1.38 kg/d; P = 0.03) were greater 
for calves fed TF starter diets than those fed CM 
starter diets. The preweaning (0.53 vs. 0.37 kg/d; P 
= 0.01) and overall starter feed intake (0.85 vs. 0.72 
kg/d; P = 0.01) were greater for calves fed TF starter 
diets compared with calves fed CM starter diets. The 
preweaning, postweaning, and overall starter feed and 
DM intake were similar in AH- and WS-fed calves. The 
preweaning (4.63 vs. 4.17 Mcal/d; P = 0.01) and over-
all ME intake (5.33 vs. 5.00 Mcal/d; P = 0.04) were 
greater in calves fed TF starter diets than in calves fed 
CM starter diets. The preweaning, postweaning, and 
overall ME intake were similar for AH- compared with 
WS-supplemented calves.

In the current study, the preweaning (0.568 vs. 0.455 
kg/d, P = 0.01), postweaning (1.125 vs.0.917 kg/d, P 
= 0.01), and overall ADG (0.753 vs. 0.609 kg/d, P = 
0.01) were greater in TF calves than in CM calves. 
The postweaning and overall ADG were greater for WS 
forage-supplemented calves compared with AH forage-
supplemented calves. The ADG/ME intake (0.139 vs. 
0.120 kg/Mcal; P = 0.01) were greater for TF calves 
than CM calves. The preweaning (0.49 vs. 0.43; P = 
0.01), postweaning (0.53 vs. 0.44; P = 0.01), and overall 
FE (0.50 vs. 0.43; P = 0.01) were greater for TF-fed 
calves compared with CM-fed calves. The postwean-
ing FE were greater (P = 0.01) in WS- than in AH-
supplemented calves.

Calf BW was similar at the start of the experiment. 
No interaction was observed between the physical forms 
of starter diets and forage source for weaning and final 
BW (Table 4). Weaning and final BW, body length, hip 
height, hip width (56 and 70 d of age), wither height 
(56 d), and heart girth (70d ) were greater (P = 0.01; 
Table 4) for calves offered TF starter feed than those 
fed CM starter diets.

Blood Metabolites and Rumen pH

An interaction was observed between the physical 
form of starter diets and forage source for BHB during 
d 28 (P = 0.05). The physical form of starter, forage 
source, and their interactions did not affect plasma 
glucose and triglycerides concentrations. Ruminal pH 
(6.09 vs. 5.77; P = 0.01; Table 5) was greater for calves 
fed TF starter diets than that fed CM starter on d 30 
of life.

DISCUSSION

Intake and Growth Performance

The lower consumption of starter feed and DM, in our 
study, for calves fed CM than those fed TF was likely 
due to reduced ruminal pH (Table 5). Consumption 
of fine particle size diets has been considered as a risk 
factor for the proper rumen function and feed intake 
(Greenwood et al., 1997). Similarly, lower starter feed 
intake was previously reported for calves fed starter 
feed with fine particles than those fed starter feed with 
large particles (Kertz et al., 1979; Porter et al., 2007). 
Bateman et al. (2009) found that decreasing starter feed 
mean particle length from 2.03 to 0.81 mm decreased 
postweaning and overall starter intake of calves by 250 
and 137 g/d, respectively. The previous report showed 
a positive relationship between rumen pH and starter 
feed intake (Thomas and Hinks, 1982). In the current 
study, the inclusion of forage in CM starter diets led to 
a higher rumen pH and, consequently, increased starter 
feed intake during the postweaning period. Laarman 
and Oba (2011) showed that hay intake was negatively 
correlated with the area under pH 5.8 in the rumen 
(with a breakpoint at 0.080 kg/d intake) for calves, 
suggesting forage intake may play an important role in 
mitigating ruminal acidosis in dairy calves during the 
weaning transition.

In the present study, postweaning forage provision 
enhanced starter intake in CM-fed calves, which was in 
line with the recent meta-analysis of Imani et al. (2017), 
who showed that forage supplementation improved 
starter feed intake in the ground or pelleted starter-fed 
calves but not in texturized starter-fed calves. It is well 
known that the physical form of starter feed influences 
the rumen fermentation and pH (Imani et al., 2017), 
and feeding calves with finely ground starter feed high 
in rapidly fermentable carbohydrates reduces ruminal 
pH and starter feed intake (Ghassemi-Nejad et al., 2012; 
Pazoki et al., 2017). Similar to dairy cows, calves may 
experience ruminal acidosis that can be alleviated by 
forage supplementation (Imani et al., 2017). However, 
studies investigating the effects of forage provision to 
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dairy calves on starter intake have yielded inconsistent 
results owing to factors such as forage levels, forage 
sources, and physical form of starter feeds used (Imani 
et al., 2017).

In the current study, the lower ADG in calves offered 
CM starters were in line with the results of Bateman 
et al. (2009), who reported that the fine particle sized 
starter diets leads to poor acceptability, low intake, 
and decreased weight gain in calves compared with the 
large particle sized starter diets. The greater pre- and 
postweaning ADG obtained with the TF diets com-
pared with the CM diets, in our study, was due to 
the greater starter intake and FE of TF- rather than 
CM-fed calves, which was in agreement with a previous 
report (Porter et al., 2007). However, our finding was 
inconsistent with that reported by Mirzaei et al. (2016), 
who found no difference in ADG between calves fed a 
TF starter or a finely ground starter.

Similar to our findings, several studies have observed 
increased ADG in calves provided with forage, either 
during the preweaning stage (Mirzaei et al., 2016, 2017) 
or the postweaning stage (Terré et al., 2013; Mirzaei et 
al., 2017). In contrast, some studies reported a decrease 
in ADG of dairy calves over the weaning transition 
(Horvath and Miller-Cushon., 2017) or when NDF from 
roughage exceeded 1.5% of DM (Hill et al., 2010). Re-
sults regarding ADG in the current study were in line 
with those reported by Imani et al. (2017), where ADG 
improved by more than 50 g/d with forage provision 
to dairy calves. In the present study, provision of WS 
to dairy calves increased postweaning ADG compared 
with AH (Table 3). Our results regarding ADG were 
in line with those reported by Castells et al. (2012), 
who reported that free-choice provision of WS to young 
calves improved ADG compared with AH. However, a 
recent meta-regression analysis revealed that changes 

Figure 1. Effects of physical forms of starter (coarse mashed and texturized) and forage source [alfalfa hay (AH) and wheat straw] on starter 
intake of dairy calves (n = 10 calves per treatment). Treatments were (1) a coarsely mashed feed (CM; coarse ground grains combined with a 
mash supplement) with AH supplementation (CM-AH), (2) a CM feed with wheat straw (WS) supplementation (CM-WS), (3) a texturized feed 
(TF; includes steam-flaked corn, steam-rolled barley combined with a pelleted supplement) with AH supplementation (TF-AH), and (4) a TF 
with WS supplementation (TF-WS). *Significantly different for S × Wk.
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in forage sources similarly affected ADG during the 
postweaning period (Imani et al., 2017). In the current 
study, the increased postweaning ADG and FE ob-
served with the inclusion of WS in CM and TF starter 
diets compared with AH supplementation was likely 
due to the sufficient supply of effective fibers to stimu-
late chewing activity and salivation, resulting in more 
rumen environment stability and fiber digestion, which 
may cause improved FE. Similarly, Omidi-Mirzaei et al. 
(2018) reported that calves fed WS spent greater time 
for ruminating compared with those fed AH during the 
transition weaning.

Similar to our findings, Mirzaei et al. (2016) did not 
observe any interactions between the physical forms of 
starter (finely ground vs. texturized forms) and forage 
provision (corn silage) on FE of dairy calves during 
the pre- and postweaning periods. Previously, Crocker 
et al. (1998) reported that the starch digestibility was 
greater for steam-flaked grains than ground grains. 
Steam-flaking results in gelatinization of starch, ren-
dering the starch into a more accessible form of mi-
crobial degradation in the rumen (Ghassemi-Nejad et 
al., 2012). Therefore, the higher FE in calves fed TF 
(containing steam-flaked corn and steam-rolled barley) 

Table 4. Effects of the physical forms of starter (coarse mashed versus texturized) and forage source (alfalfa hay and wheat straw) on BW and 
body measurements of dairy calves (n = 10 calves per treatment)

Item

Coarse mashed

 

Texturized

SEM

P-value1

Alfalfa hay Wheat straw Alfalfa hay Wheat straw S F S × F

BW, kg          
 Initial (d 3) 41.55 41.78  41.33 41.22 1.20 0.74 0.96 0.90
 Weaning (d 56) 67.77 65.60  74.14 73.72 1.83 0.01 0.48 0.63
 Final (d 70) 79.16 80.10  88.68 90.72 2.18 0.01 0.50 0.79
Body length, cm          
 d 56 44.5 44.4  47.0 46.3 0.58 0.01 0.49 0.54
 d 70 48.9 49.0  51.7 51.7 0.77 0.01 0.84 0.89
Wither height, cm          
 d 56 85.2 85.5  86.8 87.3 0.66 0.01 0.53 0.92
 d 70 91.6 92.0  93.3 93.8 0.89 0.07 0.58 0.98
Heart girth, cm          
 d 56 99.9 99.8  102.4 99.6 1.06 0.28 0.16 0.21
 d 70 104.9 104.2  108.4 107.4 1.09 0.01 0.43 0.88
Hip width, cm          
 d 56 17.1 16.7  17.6 17.5 0.24 0.01 0.24 0.69
 d 70 18.8 18.9  20.0 20.2 0.32 0.01 0.76 0.81
Hip height, cm          
 d 56 87.0 86.7  88.1 88.2 0.55 0.01 0.94 0.82
 d 70 92.2 91.4  95.7 94.9 0.84 0.01 0.32 0.95
1Statistical comparisons: S = starter physical form; F = forage source; S × F = starter physical form by forage source interaction.

Table 5. Effects of the physical forms of starter (coarse mashed versus texturized) and forage source (alfalfa hay and wheat straw) on ruminal 
pH and blood metabolites of dairy calves (n = 10 calves per treatment)

Item

Coarse mashed

 

Texturized

SEM

P-value1

Alfalfa hay Wheat straw Alfalfa hay Wheat straw S F S × F

Ruminal pH                  
 d 30 5.75 5.79   6.18 6.01 0.10 0.01 0.54 0.34
 d 70 5.55 5.72   5.68 5.67 0.08 0.69 0.37 0.31
Glucose, mg/dL                  
 28 d 102.5 88.0   105.0 112.4 7.68 0.08 0.56 0.14
 55 d 90.0 80.7   72.0 74.0 7.89 0.23 0.33 0.49
 70 d 77.5 70.3   63.8 63.0 7.39 0.18 0.59 0.66
Triglycerides, mg/dL                  
 28 d 18.5 21.6   15.5 24.0 3.65 0.91 0.13 0.48
 55 d 21.2 17.7   22.7 22.2 5.42 0.58 0.71 0.78
 70 d 30.0 24.5   27.4 26.3 6.17 0.95 0.59 0.73
BHB, mmol/L                  
 28 d 0.12 0.15   0.16 0.10 0.02 0.74 0.60 0.05
 55 d 0.15 0.16   0.18 0.19 0.04 0.38 0.84 0.93
 70 d 0.32 0.30   0.23 0.31 0.06 0.49 0.63 0.39
1Statistical comparisons: S = starter physical form; F = forage source; S × F = starter physical form by forage source interaction.
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than those fed CM starter diets could be attributed to 
the higher nutrients digestibility of TF starter com-
pared with CM starter. In the current study, TF starter 
improved BW of dairy calves at weaning and the end 
of the study. These results were inconsistent with the 
results of Pazoki et al. (2017) and Mirzaei et al. (2017), 
who reported similar final BW and body measurements 
in calves fed ground starter feed and those fed the TF 
form. The discrepancy between our results and others 
reports might be partly attributed to the differences 
in forage source and level, ingredient particle size, and 
mean particle sizes of the TF starters.

Blood Metabolites and Rumen pH

Average rumen pH was reported to be between 5.37 
and 5.31 in calves fed finely ground starter feeds with-
out forage supplementation (Mirzaei et al., 2016) and 
5.30 to 5.41 when calves were fed a TF starter (Pazoki 
et al., 2017), which were lower than our results dur-
ing the preweaning stage, although variability in mean 
ruminal pH is high in dairy calves (Laarman and Oba, 
2011). Previous reports showed that ruminal pH re-
mained under 6.0 in young calves, particularly those fed 
finely ground diets (Greenwood et al., 1997; Beharka et 
al., 1998). Further, finely ground starter diets that are 
high in rapidly fermentable carbohydrates could further 
reduce the rumen pH of preweaning calves (Ghassemi-
Nejad et al., 2012). Recently, Imani et al. (2017) found 
that forage provision to dairy calves increased ruminal 
pH during the milk-feeding and postweaning periods, 
confirming our findings.

Similar levels of plasma glucose among the treatments 
in our study indicated that calves were similar in en-
ergy status across diets (Senevirathne et al., 2017). As 
calves age, the concentration of plasma BHB increases, 
mainly due to an increase in starter feed intake and 
consequent rumen development (Nemati et al., 2015). 
In the current study, no differences were observed in 
plasma concentrations of triglycerides in prewean-
ing calves. The lack of starter physical forms effects 
on plasma concentration of glucose and triglycerides 
in our study was consistent with the results of Moeini 
et al. (2017), who found similar plasma glucose and 
triglycerides in calves fed ground starters (with a mean 
particle size of 0.72 mm in diameter) than those fed 
TF starters (with a mean particle size of 3.61 mm in 
diameter plus steam-flaked corn and barley). Glucose 
and BHB data for the effect of forage provision (15% of 
DM) to calves in the current study was consistent with 
the results of Mirzaei et al. (2017), who observed simi-
lar plasma glucose levels between calves supplemented 
and not supplemented with forage, but in contrast to 

some previous studies (Khan et al., 2011; Terré et al., 
2013) in which inclusion of forage in the starter diets 
increased plasma BHB concentrations in dairy calves. 
Recently, Suarez-Mena et al. (2017) observed a positive 
linear relationship between starter intake and blood 
BHB level; however, blood BHB concentration was not 
only affected by starter feed intake, but it was also af-
fected by time of day, stress, and intake restriction. As 
such, further work in this area is needed.

CONCLUSIONS

In the current study, no interaction was detected 
between the physical form of starter diets and forage 
source with respect to starter intake and DMI, ME 
intake, ADG, ADG/ME intake, and FE contradicted 
with our hypothesis. As expected, the physical form of 
starter interacted with forage source in affecting BHB. 
However, regardless of the physical form of starter, WS 
provision improves postweaning ADG and FE com-
pared with AH supplementation. In summary, the TF 
starter feeds had more benefits on growth performance 
and efficiency of dairy calves over the weaning transi-
tion than CM starter feed.
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