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ABSTRACT

We investigated the interactive effects of forage
source and forage particle size (PS) as a free-choice
provision on growth performance, rumen fermentation,
and behavior of dairy calves fed texturized starters.
Forty-eight Holstein calves (42 + 3 kg of body weight)
were randomly assigned (n = 12 calves per treatment,)
in a 2 x 2 factorial arrangement of treatments with the
factors of forage source [alfalfa hay (AH) and wheat
straw (WS)] and forage PS [(AH: medium = 1.96 mm
or long = 3.93 mm) and (WS: medium = 2.03 mm or
long = 4.10 mm), as geometric mean diameters|. The
treatments were (1) AH with medium PS (AH-MPS),
(2) AH with long PS (AH-LPS), (3) WS with medium
PS (WS-MPS), and (4) WS with long PS (WS-LPS).
Regardless of forage PS, the preweaning starter intake,
dry matter intake, metabolizable energy intake, wean-
ing body weight, and forage intake were greater for AH
calves than WS calves. Average daily gain, average
daily gain/metabolizable energy intake, feed efficiency,
and final body weight of the calves did not differ among
groups. An interaction of forage source and forage PS
influenced acetate, propionate, and acetate-to-propi-
onate ratio in the rumen on d 35, with the greatest
acetate proportion and acetate-to-propionate ratio, but
the least propionate proportion for AH-MPS calves
than the other calves. The total volatile fatty acid con-
centration and the rumen proportions of propionate (d
70), butyrate (d 35), and valerate (d 35) were greater
in AH-MPS calves than in AH-LPS calves. Calves fed
AH had greater total volatile fatty acid concentration
(d 35 and 70) and propionate proportion (d 70), but
lesser ruminal proportions of butyrate (d 35 and 70),
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valerate (d 35 and 70), and acetate-to-propionate ratio
(d 70) compared with calves fed WS. The ruminal val-
erate proportion (d 70) was greatest in WS-MPS calves
than the other calves. An interaction of forage source
and forage PS influenced preweaning standing time and
starter eating time, with the least standing time for
WS-MPS calves and the greatest eating starter time for
AH-LPS calves. Calves fed AH spent less time for ru-
mination, but devoted more time to non-nutritive oral
behaviors than WS calves. Calves fed forage with long
PS spent more time for rumination, eating forage, and
spent less time lying and non-nutritive oral behaviors
than medium PS. In conclusion, forage source and PS
interacted, affecting behavior and rumen fermentation
when calves were fed texturized starters. In addition, a
desirable ruminal pH in dairy calves can be obtained
with texturized starters.
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INTRODUCTION

Considerable evidence exists in the literature that
provision of forage can improve growth performance
(Castells et al., 2012; Overvest et al., 2016; Imani et
al., 2017), feed efficiency (Coverdale et al., 2004), ru-
men fermentation (Beiranvand et al., 2014; Mirzaei et
al., 2015), and feeding behavior (EbnAli et al., 2016;
Hosseini et al., 2016) of young calves fed ground starter
feeds, although gut-fill could confound the results on
weight gain from dietary forage intake (Khan et al.,
2011). Studies showed that dairy calves could benefit
from some dietary forage to maintain abrasion in their
rumen and prevent abnormalities in the rumen epithe-
lium (Greenwood et al., 1997), especially if the starter
diet does not have an adequate particle size (PS). For
example, feeding starters containing fine particles in
mash form or processed in a pelleted form has trig-
gered rapid ruminal acid production from fermenta-
tion of carbohydrates (Laarman et al., 2012), reduced
ruminal pH (Laarman and Oba, 2011), and impaired
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rumen epithelial development (Greenwood et al., 1997).
Previously, Terré et al. (2013) reported that forage
provision rather than an increase in fiber content of
the starter feed could improve pelleted starter intake
and calf performance around weaning, and supplemen-
tal forage right after weaning is necessary to enhance
calf performance. Moreover, Terré et al. (2015) showed
that provision of straw to dairy calves promoted starter
intake, regardless of the physical form of starter diets
(pelleted or texturized forms). However, the literature
on the effects of different physical forms of starter feed
on calf performance is inconclusive and the discrepan-
cies among studies could be due to differences in forage
source (Imani et al., 2017), variations in physical and
chemical structure of starter diets (Khan et al., 2016),
or the PS of calf starters among the studies.

Feeding a forage source of adequate PS is thought
to be required for dairy calves to promote chewing ac-
tivity and saliva secretion, which elevate ruminal pH
(Laarman and Oba, 2011; Nemati et al., 2015) and pro-
mote rumen health (Mirzaei et al., 2015). The results
of a recent meta-analysis showed that forage provision
to dairy calves had a beneficial effect on growth per-
formance, but its effects can be modulated by forage
source (Imani et al., 2017). Tt is known that the type
of forage can influence a ground starter feed intake
(Castells et al., 2012) and calf performance (Movahedi
et al., 2017). This is likely because different forage have
different nutrient compositions with varying effects on
ruminating behavior (Castells et al., 2012) and feed-
ing patterns (Miller-Cushon et al., 2013), which mainly
influences buffering capacity in the rumen (Plaizier et
al., 2008). These results suggest that if forage provision
affects growth performance of dairy calves, it is worth
investigating how changes in forage type and PS can
improve the health and performance of calves during
the transition from liquid to solid feed.

It has been demonstrated that the forage PS may
also influence the effective fiber requirement of dairy
calves. Nemati et al. (2015) found that increasing PS
of alfalfa hay (AH) from fine (1 mm, as a geometric
mean) to medium (3 mm, as a geometric mean) can
improve calf performance and reduce their nonnutritive
oral behaviors (NNOB) when calves were fed finely
ground starter feeds. Mirzaei et al. (2015) also showed
that the physical effectiveness of AH on performance
and rumen development of dairy calves fed finely
ground starters were affected by forage level, as the
long PS of AH (5.04 mm as a geometric mean) rather
than the medium PS of AH (2.92 mm, as a geometric
mean) increased starter intake and weaning weight at
8% inclusion rate. Recently, Suarez-Mena et al. (2016)
reported that increasing the PS of starter by changing
the PS of straw (from about 3.04 to 12.7 mm, as a
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geometric mean, at a 5% inclusion rate) resulted in
minimal changes in ruminal fermentation and had
no effect on rumen development parameters of dairy
calves. The requirement for forage source is dependent
on several factors, including diet ingredient composi-
tion and physical form of starter feeds. To our knowl-
edge, limited information is available on how changes
in PS and source of supplemental dietary forage might
influence the growth performance of dairy calves fed
starters in a textured form.

We tested the hypothesis that the effects of different
forage sources on calf performance would be depen-
dent on the PS of forage when offered as a free-choice
provision. Therefore, 2 types of forage [AH and wheat
straw (WS)] were provided with 2 PS (medium vs.
long) to investigate their interactions on starter intake,
growth performance, rumen fermentation, and behavior
of dairy calves fed texturized starters during pre- and
postweaning.

MATERIALS AND METHODS
Animals, Management, and Treatments

The current study was carried out from September
2016 to November 2016 on a local dairy farm (Gol-
dasht-Nemone Agri. Animal Production Co., Isfahan,
Iran) according to the guidelines of Iranian Council
of Animal Care (1995). Air temperature and relative
humidity data were obtained from the daily reports re-
leased by the Meteorological Network Station at Najaf-
Abad (Isfahan, Iran). The average daily temperature
was 18°C (range = 15-22°C) and the relative humidity
was 38.9% (range = 26-48%) for the study period. A
total of 48 Holstein calves (42 £ 3 kg of BW) were
blocked by sex and randomly assigned to 1 of the 4
dietary treatments (n = 12 calves, 6 male and 6 female
calves per treatment) in a 2 x 2 factorial arrangement.
Two forage sources (AH and WS) and forage PS (AH:
medium = 1.96 mm or long = 3.93 mm, WS: medium
= 2.03 mm or long = 4.10 mm; as geometric means) as
a free-choice provision were used in dietary treatments
of (1) AH with medium PS (AH-MPS), (2) AH with
long PS (AH-LPS), (3) WS with medium PS (WS-
MPS), and (4) WS with long PS (WS-LPS).

Calves were separated from their dams immediately
after birth, weighed, and moved to a naturally venti-
lated barn with individual pens (1.2 x 2.5 m) bedded
with sawdust, which was renewed every other day. The
calves received 2.5 L of colostrum within 1.5 h of life
and another 2.5 L. 12 h later. 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.
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Table 1. Ingredients, chemical composition, and particle size

distribution of the starter feed

Texturized
Ttem starter
Ingredient (% of DM basis)
Steam-rolled barley 19.00
Steam-flaked corn 40.50
Soybean meal' 24.30
Pishgam premix"? 14.40
Salt' 0.50
Calcium carbonate’ 1.30
Chemical composition
DM (g/kg of DM) 90.00
CP (g/kg of DM) 21.91
ME (Mcal/kg) 2.96
NE¢ (Mcal/kg) 1.34
NDF (g/kg of DM) 17.5
ADF (g/kg of DM) 11.0
NFC? (g/kg of DM) 52.0
Ether extract (g/kg of DM) 3.50
Ca' (g/kg of DM) 0.80
P! (g/kg of DM) 0.48
Particles retained on the sieve (g/kg, mean + SD)
4.75 mm 204 + 1.5
2.36 mm 704 + 1.9
1.18 mm 3.8+0.3
0.6 mm 2.7+0.3
0.3 mm 2.0 +£0.2
0.15 mm 0.6 = 0.3
Pan 0.0 £ 0.0
GMPL’ (mm) 2.40 £ 0.00

'All these ingredients were pelleted.

*Contained per kg 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 (g) = 2, K (g) = 0.99, Na
(g) = 1.6, Cl (mg/kg) = 0.1, Co (mg/kg) = 23, Mn (mg/kg) = 43, Se
(mg/kg) = 0.1, Zn (mg/kg) = 43, 12,000 IU of vitamin A, 5,000 IU of
vitamin D, and 100 IU of vitamin E.

*Nonfiber carbohydrate was calculated as DM — (NDF + CP + ether
extract + ash) (NRC, 2001).

‘Estimated using the NRC (2001) model.

’GMPL = geometric mean particle size; calculated as described by
the American Society of Agricultural Engineers (ASAE, 1996; method
S424.1).

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 sufficient
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quality was fed to the calf. Calves received 6 L/d milk
in steel buckets twice daily at 0800 and 1700 h from
d 3 to 44 of the study, followed by feeding 3 L/d milk
until d 49 of the study. Calves were weaned on d 50 and
remained in the study until d 70 of the study. All calves
had ad libitum access to starter, forage, and water
(via nipple drinkers) throughout the study. The nutri-
ent compositions of the texturized starter are given in
Table 1. The chemical composition of some ingredients
(i.e., corn, barley, soybean meal, AH, WS) and whole
milk are presented in Table 2.

Before the experiment, forages (AH and WS)
were prepared from the same source and chopped to
obtain medium and long PS (Golchin Trasher Hay Co.,
Isfahan, Iran) and used throughout the trial. A Penn
State particle separator (Nasco, Fort Atkinson, WI)
equipped with 3 sieves (19, 8, and 1.18 mm) and a bot-
tom pan was used to separate samples for particle size
analysis into long (>19 mm), medium (<19, >8 mm),
short (<8, >1.18 mm), and fine (<1.18 mm) fractions
(Kononoff et al., 2003a; see Table 3 for distribution
of particle sizes of forages). At least 6 representative
samples of forages (AH and WS) were collected 3 times
throughout the study from each PS (medium and long)
and used to analyze their PS distribution. After separa-
tion with the Penn State particle separator, the DM of
each separated fraction was determined by oven drying
at 56°C for 48 h. Geometric mean (X,,) of the starter
was calculated as described by the American Society of
Agricultural Engineers (ASAE, 1996; method S424.1).
Offered feeds (starter and forages) were 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 treatment of dis-
ease followed the standard operating procedures at the
Goldasht-Nemone Agri. Animal Production Co., and
sick calves were treated by a veterinarian accordingly.

Sampling and Laboratory Analyses

Individual starter intake, forage intake, and total
DMI (milk, starter feed, and forage) were measured

Table 2. Mean (+SD) chemical composition of corn, barley, soybean meal, alfalfa hay, wheat straw (%), and whole milk (%)

Item Corn grain Barley grain Soybean meal Alfalfa hay Wheat straw Whole milk
DM 88.1+ 14 91.2 + 1.3 89.1 £ 1.3 91.2 £ 1.1 92.30 + 1.2 11.51 £ 0.2
CP 94 £ 0.7 12.4 + 0.6 48.0 £ 0.4 14.5 £ 0.8 4.5+ 0.1 25.6 £ 1.1
Ether extract 4.2+ 04 224 0.6 1.6 £0.4 2.51 +£ 0.6 1.21 £ 0.6 272+ 1.0
NDF 9.5 + 0.8 20.8 £ 0.9 14.9 + 0.7 448 £ 1.1 72.9 £ 0.1 ND'
ADF 3.4+ 0.6 72405 10.0 £ 04 335 + 1.1 49.1 £ 0.1 ND
Ash 1.7+ 0.2 29+19 4.80 £ 0.4 6.6 £ 0.2 5.9+ 0.6 ND
Starch 74.3 £ 04 52.3 + 1.3 2.1 +0.3 ND ND ND
Lactose ND ND ND ND ND 353 £ 1.1

'ND = not determined.
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daily, and BW was recorded weekly using an electronic
balance. Means of ADG and feed efficiency (kg of BW
gain/kg of total DMI) were also calculated. Body mea-
surements, including body length, wither height, heart
girth, hip height, and hip width of the calves, were
measured according to Lesmeister and Heinrichs (2004)
on d 3, at weaning (d 50), and at the end of the study
(d 70).

Feed samples were collected weekly throughout the
experiment and stored at —18°C pending chemical
analysis. Subsamples of feeds and refusals were mixed
thoroughly, dried at 56°C for 2 d in a forced-air oven, and
ground to pass a through a 1-mm screen using a Wiley
mill (Ogaw Seiki Co. Ltd., Tokyo, Japan) before chemi-
cal analyses for DM content (method 934.01; AOAC,
1990), ether extract (AOAC, 1990; method 920.39), CP
(method 988.05; AOAC, 1990), ADF (AOAC, 1990:
method 973.18), and NDF contents using heat-stable
a-amylase (100 pLL/0.5 g of the sample) with sodium
sulfite (Van Soest et al., 1991). Milk samples were ana-
lyzed for DM, CP, fat, and lactose content by Milkoscan
(Foss Electric, Hillergd, Denmark; AOAC, 1990).

Rumen fluid was collected at d 35 and 70 by a stom-
ach tube fitted to a vacuum pump at 3 h postfeeding;
the first 50 mL was discarded to avoid saliva contami-
nation. The pH of the original rumen fluid sample was
measured using a pH meter calibrated before each
reading (HI 8318; Hanna Instruments, Cluj-Napoca,
Romania). Rumen contents were squeezed through 4
layers of cheesecloth, and 8 mL of the rumen fluid was
immediately acidified with 2 mL of 25% metaphospho-
ric acid and stored at —20°C pending VFA analysis.
Rumen concentrations of VFA were measured by GC
(model CP-9002; Chrompack, Middelburg, the Neth-
erlands) fitted with a 50-m (0.32-mm i.d.) silica-fused
column (CP-Wax Chrompack Capillary Column; Var-
ian, Palo Alto, CA), with crotonic acid (1:7, vol/vol) as
an internal standard, as described by Bal et al. (2000).
Helium was used as the carrier gas, and initial and final
oven temperatures were 55 and 196°C, respectively. The
detector and injector temperatures were set at 251°C.
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Behavioral data were monitored by direct observa-
tions of all calves every 5 min for standing, lying, eat-
ing starter feed, eating forage, ruminating, and NNOB
(when the animal licked any surface, tongue rolling, or
sawdust consumption) and recorded as the total time
(min) devoted to each behavior on wk 5, 6, 7, 8, 9, and
10 over 7 h/d. Calves were observed for 2 h before the
milk feeding and 5 h immediately after the morning
milk feeding during the preweaning week. During the
postweaning week, the calves were observed for 2 h be-
fore and for 5 h after the solid feeds were offered. Thus,
the total time for observing the behavior of each calf
was equal to 42 h (21 h before and 21 h after weaning).

Statistical Analyses

Data were analyzed separately for the prewean-
ing (from d 3-50 of the study), postweaning (from d
51-70 of the study), and the overall (from d 1-70 of the
study) periods. Statistical analyses were performed us-
ing PROC MIXED in SAS (version 9.3; SAS Inst. Inc.,
Cary, NC), with the individual calf as experimental
unit; starter intake, forage intake, DMI, ADG, feed ef-
ficiency, and ME intake data were statistically analyzed
as repeated measures, with period (day or week) as the
repeated variable using the model

Yim=p+ Fi+ P+ T+ (Fx T)y+ (P x Ty
+(F>( P)Z]+(FX P x ﬂijk+ﬂ(Xi_X)+€zjkla

in which Y is the dependent variable; p is the overall
mean; F; is the effect of forage source; P; is the effect
of forage PS; Tj is the effect of period; (F' x T); is the
interaction between forage source and period; (P x T);
is the interaction between forage PS and period; (F x
P),; is the interaction between forage source and forage
PS; (F x P x T), is the tripartite effect of forage
source, forage PS, and period; S(X; — X) is the covari-
ate variable (for BW and skeletal growth, the initial
values were considered as covariates); and e,y is the

Table 3. Distribution of forage sources with medium and long particle sizes (% DM retained on sieve; mean + SD)

Alfalfa hay

Wheat straw

Item® Long Medium Long Medium
Long particles 6.83 £ 0.08 00.0 6.11 + 0.06 00.0
Medium particles 34.36 £ 1.02 8.96 £ 1.05 30.60 £ 0.92 9.52 £+ 1.00
Short particles 25.78 + 0.42 41.79 +£ 0.71 37.18 + 0.58 42.86 + 0.64
Fine particles 33.03 £+ 0.88 49.25 + 1.02 26.12 £ 0.94 47.62 + 1.04
Geometric mean particle size (mm) 3.93 £ 0.99 1.96 + 0.91 4.10 £+ 0.92 2.03 £ 0.98

"Particle separated, using a Penn State Particle Separator, into 4 fractions: long (>19 mm), medium, (<19, >8 mm), short (<8, >1.18 mm),

and fine (<1.18 mm).
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random residual error, assuming N(0, 02), where o? is
variance. Before analyses, all data were screened for
normality using the UNIVARIATE procedure of SAS.
The autoregressive (order 1) covariance structure was
the best fit for these data as determined by the lowest
Akaike’s information criterion. 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 us-
ing the PDIFF statement when the overall F-test was P
< 0.05. Trends were considered when 0.05 < P < 0.10.

RESULTS
Intake and Growth Performance

The results on DMI, starter intake, forage intake,
ME intake, ADG, and feed efficiency are presented in
Table 4. No interaction was detected between the for-
age source and forage PS or between the treatments
and the period (3-way interactions) for DMI, starter
feed intake, ME intake, ADG, ADG/ME intake, and
feed efficiency. A 2-way interaction for preweaning DMI
(kg/d, P =0.01) and for forage intake as kilograms per
day (P = 0.01) or a percent of BW (P < 0.05) between
forage source and the period were observed. A 2-way
interaction for overall forage intake (kg/d and % of
BW, P < 0.05) and for preweaning ME intake (P =
0.03) between forage PS and the period were observed.

Regardless of forage PS, preweaning DMI (1.28 vs.
1.18 kg/d; P = 0.01) was greater in calves fed AH than
in those fed WS, although the overall and postweaning
DMI was not affected by treatments. The postweaning
and overall starter intake was not affected by dietary
treatments, although the preweaning starter intake
(0.59 vs. 0.51 kg/d; P = 0.04) was greater in calves
fed AH than in those fed WS, regardless of forage PS
(Figure 1). Regardless of forage PS, the preweaning
(67.7 vs. 39.1 g/d; P = 0.01), postweaning (108.1 vs.
75.6 g/d; P = 0.01), and overall (84.4 vs. 54.5 g/d; P =
0.01) forage intake were greater in calves fed AH than
in those fed WS (Figure 2). Although the postweaning
and overall ME intake were not affected by the treat-
ments, preweaning ME intake (5.34 vs. 5.03 Mcal/d; P
= 0.02) was greater in calves fed AH than in those fed
WS (Figure 3). Average daily gain, ADG/ME intake,
and feed efficiency of the calves did not differ among
the treatments.

Body measurements and BW data are presented in
Table 5. No interaction was detected between the for-
age source and forage PS for BW, body length, wither
height, heart girth, and hip height. An interaction of
forage source and forage PS influenced hip width at
d 70, with the greatest value for AH-LPS calves (P
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= 0.04), although the differences were not biologically
meaningful. Final BW, body length, hip height, and
wither height of the calves did not differ among the
treatments. Heart girth was greater in calves fed forage
with medium PS than in those fed long PS (101 vs. 99
cm; P = 0.01). Regardless of forage PS, weaning BW
(79.3 vs. 76.5 kg; P = 0.05) and final heart girth (112
vs. 109 cm; P = 0.03) were greater in calves fed AH
than in those fed WS.

Ruminal Characteristics

Rumen fermentation data are presented in Table 6.
No interaction was detected between the forage source
and forage PS for ruminal pH, total VFA concentration,
and the molar proportion of butyrate in the rumen.
However, an interaction (P = 0.01) of forage source and
forage PS influenced acetate, propionate, and acetate-
to-propionate ratio in the rumen on d 35, with the
greatest acetate proportion and acetate-to-propionate
ratio but the least propionate proportion for observed
AH-MPS calves.

The ruminal pH (d 35 and 70 of age), total VFA
concentrations (d 35 of age), and the acetate propor-
tion (d 70 of age) in the rumen did not differ across
the treatments. The total VFA concentration (103.6 vs.
81.7 mmol/L; P = 0.01) and the molar proportion of
propionate (39.1 vs. 36.8 mol/100 mol; P = 0.03) in the
rumen were greater in calves fed forage with medium
PS than in those fed long PS on d 70 of age. The molar
proportion of butyrate (9.51 vs. 7.72 mol/100 mol; P
= 0.01) and valerate (4.17 vs. 3.38 mol/100 mol; P =
0.04) in the rumen were greater in calves fed forage
with medium PS than in those fed long PS at d 35
of age. However, the acetate-to-propionate ratio (d 70,
1.41 vs. 1.29 mol/100 mol; P = 0.08) in the rumen
tended to be greater in calves fed forage with long PS
than in those fed medium PS.

The total VFA concentration (98.2 vs. 87.1 mmol/L;
P = 0.04) and the molar proportion of propionate (40.3
vs. 35.6 mol/100 mol; P = 0.01) in the rumen were
greater in calves fed AH than calves fed WS on d 70
of age. The molar proportion of butyrate (9.50 vs. 7.73
mol/100 mol, P = 0.01) and valerate (4.19 vs. 3.37
mol/100 mol, P = 0.03) in the rumen were greater in
calves fed WS than in those fed AH on d 35 of age. The
molar proportion of butyrate (9.85 vs. 6.79 mol/100
mol, P = 0.01) in the rumen was greater in calves fed
WS than in those fed AH on d 70 of age. The acetate-
to-propionate ratio in the rumen was greater (1.44 vs.
1.26, P = 0.01) in calves fed WS compared with those
fed AH on d 70 of age. The rumen molar proportion of
valerate was greater (P = 0.01) in WS-MPS calves than
in the other calves on d 70 of age.
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Animal Behavior

Table 7 presents the total time devoted to each be-
havior of the experimental animals conducted during 3
wk before and 3 wk after weaning. No interaction was
detected between the forage source and forage PS for
the time devoted to lying, ruminating, eating forage,
and NNOB. An interaction of forage source and forage
PS influenced standing time (P = 0.03) and starter

3.5y =O=—AH-LPS
=—@— AH-MPS
=< =WS-LPS
—& - WS-MPS
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eating time (P = 0.01) during the preweaning period,
with the least standing time for WS-MPS calves and
greatest starter eating time for AH-LPS calves.

Calves fed forage with medium PS devoted greater
time to lying than calves fed forage with long PS dur-
ing the preweaning (197 vs. 164 min/7 h, P = 0.01)
and overall (189 vs. 164 min/7 h, P = 0.02) periods.
Calves fed forage with long PS had greater ruminat-
ing time compared with calves fed forage with medium

Postweaning

Weaning

Week

Figure 1. The effect of forage source [alfalfa hay (AH) and wheat straw (WS)] and forage particle size [(AH: medium = 1.96 mm or long
= 3.93 mm) and (WS: medium = 2.03 mm or long = 4.10 mm), as geometric means| as a free-choice provision on starter intake of dairy calves
(n = 12 calves per treatment). Treatments were (1) AH with a medium particle size (AH-MPS), (2) AH with a long particle size (AH-LPS),
(3) WS with a medium particle size (WS-MPS), and (4) WS with a long particle size (WS-LPS). Interactions: FS x Week = forage source x
period, PS x Week = forage particle size x period, and FS x PS x Week = forage source x forage particle size x period, respectively. Error

bars indicate SE.
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PS during the preweaning (74 vs. 59 min/7 h, P =
0.05), postweaning (88.5 vs. 75.0 min/7 h, P = 0.05),
and overall (81.0 vs. 67.0 min/7 h, P = 0.04) periods.
Calves fed forage with long PS devoted greater time
to eating forage compared with calves fed forage with
medium PS during the preweaning (42.5 vs. 28.0 min/7
h, P = 0.02) and overall (31.0 vs. 23.0 min/7 h, P
= 0.04) periods. Calves fed forage with medium PS
devoted greater time to NNOB compared with calves
fed forage with long PS during the preweaning (20.5

OMIDI-MIRZAEI ET AL.

vs. 11.5 min/7 h, P = 0.01), postweaning (16.5 vs. 9.5
min/7 h, P = 0.02), and overall (18.5 vs. 11.0 min/7 h,
P = 0.01) periods.

Calves fed WS spent greater time for ruminating
compared with those fed AH during the preweaning
(78.0 vs. 55.0 min/7 h, P = 0.01), postweaning (87.5
vs. 76.0 min/7 h, P = 0.07), and overall (82.5 vs. 65.5
min/7 h, P = 0.02) periods. Moreover, calves fed AH
spent more time performing NNOB compared with
those fed WS during the postweaning (15 vs. 11 min/7

220 o —O—AH-LPS
—@— AH-MPS
=« WS-LPS
200 4 =—<¢ -WS-MPS
P-value Postweaning
180 4  Week =<0.0001
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Figure 2. The effect of forage source [alfalfa hay (AH) and wheat straw (WS)] and forage particle size [(AH: medium = 1.96 mm or long
= 3.93 mm) and (WS: medium = 2.03 mm or long = 4.10 mm), as geometric means| as a free-choice provision on forage intake of dairy calves
(n = 12 calves per treatment). Treatments were (1) AH with a medium particle size (AH-MPS), (2) AH with a long particle size (AH-LPS),
(3) WS with a medium particle size (WS-MPS), and (4) WS with a long particle size (WS-LPS). Interactions: FS x Week = forage source x
period, PS x Week = forage particle size x period, and FS x PS x Week = forage source x forage particle size x period, respectively. Error

bars indicate SE.
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h, P = 0.03), and overall (16.5 vs. 13 min/7 h, P =
0.08) periods.

DISCUSSION
Intake and Growth Performance

It is well known that the effects of forage provision to
dairy calves on starter intake and growth performance

4151

depend on the forage level (Imani et al., 2017), for-
age source (Castells et al., 2012), and physical form of
starter or forage PS (Nemati et al., 2015; Mirzaei et
al., 2016) when calves were fed ground starter feeds.
We investigated feed intake and growth performance
in calves fed different sources of forages (AH and WS)
that were fed with 2 PS (medium and long) as a free-
choice provision along with a texturized starter feed.
Studies investigating the effects of forage provision on
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Figure 3. The effect of forage source [alfalfa hay (AH) and wheat straw (WS)] and forage particle size [(AH: medium = 1.96 mm or long =
3.93 mm) and (WS: medium = 2.03 mm or long = 4.10 mm), as geometric means| as a free-choice provision on ME intake of dairy calves (n = 12
calves per treatment). Treatments were (1) AH with a medium particle size (AH-MPS), (2) AH with a long particle size (AH-LPS), (3) WS with
a medium particle size (WS-MPS), and (4) WS with a long particle size (WS-LPS). Interactions: FS x Week = forage source x period, PS x
Week = forage particle size x period, and FS x PS x Week = forage source x forage particle size x period, respectively. Error bars indicate SE.
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Table 5. Effects of forage source (alfalfa hay vs. wheat straw) and forage particle size (medium vs. long) on BW and body measurements of
dairy calves (n = 12 calves per treatment)

Alfalfa hay Wheat straw P-value'

Item Medium Long Medium Long SEM FS ps? FS x PS
BW (k)

Initial (d 3) 42.24 42.27 42.47 42.14 1.36 0.97 0.91 0.89

Weaning (d 50) 78.94 79.71 78.42 74.52 1.40 0.05 0.27 0.10

Final (d 70) 101.59 105.03 101.07 102.58 2.05 0.48 0.69 0.24
Body length (cm)

d3 49.10 47.47 49.20 49.87 0.71 0.11 0.61 0.13

d 50 58.75 58.85 58.75 58.30 0.69 0.68 0.79 0.69

d 70 61.78 63.44 63.36 63.68 1.02 0.38 0.32 0.52
Wither height (cm)

d3 79.15 78.69 79.96 78.01 0.95 0.70 0.11 0.22

d 50 89.26 87.89 89.52 89.68 0.88 0.25 0.54 0.39

d 70 92.77 93.25 92.73 92.42 0.96 0.63 0.91 0.67
Heart girth (cm)

d3 83.56 83.37 84.89 82.98 1.01 0.68 0.17 0.23

d 50 101.43 98.33 100.19 99.41 0.71 0.90 0.01 0.10

d 70 110.42 112.29 108.24 109.90 1.04 0.03 0.10 0.92
Hip width (cm)

d3 15.27 15.29 15.18 15.09 0.29 0.64 0.87 0.87

d 50 19.68 19.81 19.77 19.22 0.30 0.41 0.48 0.26

d 70 21.29 21.83 21.64 21.25 0.21 0.61 0.72 0.04
Hip height (cm)

d3 82.78 81.33 82.69 81.01 1.04 0.74 0.13 0.76

d 50 94.20 93.42 94.25 93.55 0.85 0.91 0.43 0.96

d 70 98.74 88.84 98.31 95.62 4.33 0.46 0.16 0.40

!Statistical comparisons: FS = forage source; PS = particle size, FS x PS = forage source by particle size interaction.

*Forage PS [(alfalfa hay: medium = 1.96 mm or long = 3.93 mm) and (wheat straw: medium = 2.03 mm or long = 4.10 mm), as geometric
mean diameters.

Table 6. Effects of forage source (alfalfa hay vs. wheat straw) and forage particle size (medium vs. long) on rumen fermentation of dairy calves
(n = 12 calves per treatment)

Alfalfa hay Wheat straw P-value'
Item Medium Long Medium Long SEM FS PS? FS x PS
Ruminal pH?
d 35 6.12 6.10 6.15 6.37 0.14 0.43 0.61 0.53
d 70 5.94 5.97 5.96 5.98 0.05 0.92 0.85 0.97
Total VFA (mmol/L)
d 35 90.2 94.4 69.2 83.0 9.01 0.10 0.65 0.32
d 70 109.5 86.8 97.6 76.6 5.34 0.04 0.01 0.87
Individual VFA (mol/100 mol)
Acetate
d 35 58.40 56.65 51.07 55.40 1.01 0.01 0.21 0.01
d 70 49.60 51.04 50.02 51.79 1.39 0.67 0.25 0.90
Propionate
d 35 28.68 34.04 34.45 31.68 1.17 0.16 0.28 0.01
d 70 41.47 39.19 36.66 34.46 0.97 0.01 0.03 0.96
Butyrate
d 35 8.84 6.62 10.18 8.81 0.70 0.01 0.01 0.55
d 70 6.77 6.81 9.19 10.50 0.45 0.01 0.14 0.17
Valerate
d 35 4.06 2.67 4.28 4.09 0.35 0.03 0.04 0.11
d 70 2.15 2.94 4.10 3.22 0.26 0.01 0.86 0.01
Acetate:propionate
d 35 2.07 1.68 1.50 1.74 0.09 0.01 0.45 0.01
d 70 1.21 1.30 1.36 1.52 0.07 0.01 0.08 0.69

!Statistical comparisons: FS = forage source; PS = particle size, FS x PS = forage source by particle size interaction.

*Forage PS [(alfalfa hay: medium = 1.96 mm or long = 3.93 mm) and (wheat straw: medium = 2.03 mm or long = 4.10 mm), as geometric
mean diameters.

SRumen pH was taken 3 h after feeding.
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Table 7. Effects of forage source (alfalfa hay vs. wheat straw) and forage particle size (medium vs. long) on the behavior of dairy calves (n =

12 calves per treatment)

Alfalfa hay Wheat straw P-value®

Item' Medium Long Medium Long SEM FS ps? FS x PS
Lying (min)

Preweaning (wk 5 to 7) 200 172 194 156 10.8 0.31 0.01 0.63

Postweaning (wk 8 to 10) 186 169 177 161 10.3 0.47 0.13 0.93

Overall (wk 5 to 10) 192 170 185 158 9.86 0.35 0.02 0.82
Standing (min)

Preweaning (wk 5 to 7) 114 108 88 114 7.35 0.18 0.18 0.03

Postweaning (wk 8 to 10) 111 107 99 119 10.6 0.93 0.48 0.25

Overall (wk 5 to 10) 113 107 93 116 8.04 0.49 0.28 0.08
Rumination (min)

Preweaning (wk 5 to 7) 48 62 70 86 7.07 0.01 0.05 0.94

Postweaning (wk 8 to 10) 66 86 84 91 7.10 0.07 0.05 0.41

Overall (wk 5 to 10) 57 4 s 88 6.63 0.02 0.04 0.66
Eating starter feed (min)

Preweaning (wk 5 to 7) 11 22 18 12 2.94 0.73 0.37 0.01

Postweaning (wk 8 to 10) 20 25 28 25 2.74 0.13 0.81 0.16

Overall (wk 5 to 10) 16 24 24 19 1.98 0.41 0.41 0.01
Eating forage (min)

Preweaning (wk 5 to 7) 26 43 30 42 5.90 0.73 0.02 0.39

Postweaning (wk 8 to 10) 18 22 18 16 2.20 0.33 0.82 0.21

Overall (wk 5 to 10) 22 32 24 30 3.44 0.98 0.04 0.46
Non-nutritive oral behaviors (min)

Preweaning (wk 5 to 7) 21 13 20 10 2.16 0.36 0.01 0.54

Postweaning (wk 8 to 10) 19 11 14 8 2.33 0.03 0.02 0.95

Overall (wk 5 to 10) 20 13 17 9 2.15 0.08 0.01 0.73

!Observations were conducted between 3 wk before and 3 wk after weaning by calves offered the experimental diets.

“Statistical comparisons: FS = forage source; PS = particle size, FS x PS = forage source by particle size interaction.
*Forage PS [(alfalfa hay: medium = 1.96 mm or long = 3.93 mm) and (wheat straw: medium = 2.03 mm or long = 4.10 mm), as geometric

mean diameters.

calf performance have yielded inconsistent results, ow-
ing to factors such as forage PS (Mirzaei et al., 2015;
Nemati et al., 2015) and forage sources (Imani et al.,
2017).

Previous reports in the literature indicated that calves
fed finely ground calf starter rations require forage fiber
with sufficient particle length for effective rumination
and healthy rumen development (Beiranvand et al.,
2014; Nemati et al., 2015). Larger particles of AH were
previously found to increase ground starter intake and
weaning BW of dairy calves fed finely ground starters
depending on forage levels (Mirzaei et al., 2015). Nema-
ti et al. (2015) showed that the performance of dairy
calves was improved by altering the PS of AH from fine
(1 mm, as a geometric mean) to medium (3 mm, as a
geometric mean) when calves had free access to finely
ground starter feeds. However, the common perception
is that an improvement in growth performance by for-
age feeding can be due to greater gut fill and increased
weights of gastrointestinal tissues (Khan et al., 2011;
Imani et al., 2017). Unlike previous research (Mirzaei
et al., 2015; Nemati et al., 2015), in which PS of forage
played a significant role on calf performance, in the
current study dairy calves fed forage as free-choice pro-
vision had similar feed intake. Part of this discrepancy

can be due to the forage offering method and the physi-
cal form of starter feeds. Moreover, the lack of an effect
of forage PS on starter intake and ME intake could be
the reason for the similar weight gain between medium
and long PS diets in the current study.

Differences exist among the forage sources concern-
ing their nutrient contents (i.e., CP, NFC, and NDF).
Some studies recommended AH as the superior forage
source for dairy calves (Imani et al., 2017) because
of its high CP contents (Table 2) and palatability.
However, another study did not recommend AH as a
forage source because it was shown to reduce starter
feed (NDF content 17.7%) intake compared with barley
straw in calves fed pelleted diets (Castells et al., 2012).
In the current study, calves consumed greater amounts
of AH compared with WS; the greater percentage of
ADF and NDF (Table 2) in WS than AH may explain
the lesser forage intake in calves fed WS as a free-choice
provision. Similarly, Movahedi et al. (2017) reported a
greater forage intake in calves fed AH than those fed
WS when forage and ground starter feeds were offered
separately. It is consistently stated that the voluntary
intake of legume forages is greater than that of grass
forages (Colburn et al., 1968; Moseley and Jones, 1979).
However, Castells et al. (2012) suggested that greater
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forage intake may offset pelleted starter feed intake
when the forage source is perceived as highly palatable.

The present results indicated that free-choice AH
provision increased preweaning starter intake, DMI,
and ME intake of calves fed texturized starter feeds;
however, this increase did not improve ADG. The in-
crease in DMI might be due to a greater flow rate out of
the rumen of legumes compared with grasses (Moseley
and Jones, 1979). Castells et al. (2013) also reported a
greater ruminal passage rate for legumes than that of
grasses in dairy calves, although gut fill could confound
the results on weight gain from dietary forage intake
(Khan et al., 2011). Part of this discrepancy between
reports in the literature and our results may be related
to the differences in the PS and physical forms of start-
ers. Some previous studies reported a positive effect of
AH on stimulating starter feed intake when AH was
added to a finely ground starter diet (Beiranvand et al.,
2014; Daneshvar et al., 2015; EbnAli et al., 2016), but a
similar effect has not seen with texturized starter diets
in dairy calves (Hill et al., 2008, 2010). The results of
a recent meta-analysis (Imani et al., 2017) also showed
that the increase in starter intake was greater for calves
offered forages as a free-choice provision compared with
those provided forages as a TMR, through the weaning
transition. Therefore, these results showed that provid-
ing free access to AH can be beneficial in improving
starter intake even in calves fed starters containing
large particle size.

Ruminal Characteristics

In the current study, ruminal pH ranged from 6.10 to
6.37 before weaning in calves offered texturized starter
feed with free access to forage and ranged from 5.94
to 5.97 after weaning with no effects of forage source
and PS on ruminal pH. Previously, average rumen pH
ranged from 5.25 to 5.89 in dairy calves fed a com-
mercial texturized calf starter with or without chopped
corn silage (Mirzaei et al., 2016), which was slightly
less than our results. The ruminal pH of dairy calves
did not differ from varying forage PS or source in the
current study. Maktabi et al. (2016) observed similar
ruminal pH levels in dairy calves fed finely ground
starter feeds supplemented with different forage sources
(AH vs. beet pulp). Our results regarding rumen pH
are in line with the findings of Mirzaei et al. (2015),
who reported similar ruminal pH in dairy calves fed
AH as TMR (in mash form) with different PS (medium
vs. long). We expected that increasing forage PS would
affect ruminal pH of calves by increasing rumination
and eating time, consequently increasing salivary secre-
tion and ruminal buffering (van Ackeren et al., 2009).
However, the increased rumination time caused by in-
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creasing forage PS in the present study had no positive
effect on ruminal pH; this finding may be because the
calves in the current study consumed much less forage,
most likely due to the physical form of the starter feed
(textured). Previously, Terré et al. (2015) found lower
ruminal pH in calves consuming a pelleted starter feed
than calves consuming a texturized starter feed; how-
ever, a texturized starter feed had similar benefits on
rumen pH as a pelleted starter feed supplemented with
straw. It appears that a desirable rumen pH can be
obtained with texturized starters and there is no need
to supplement forage for this purpose, although it is
difficult to conclude that with our study design.

In the current study, forage source interacted with
forage PS to affect rumen fermentation. The proportion
of acetate and the ratio of acetate to propionate were
greater but propionate proportions in the rumen were
lesser in AH-MPS calves compared with other calves
during the preweaning period, which could be due to
greater starter feed intake. The postweaning valerate
proportions in the rumen were also greater in WS-MPS
calves compared with other calves, which might be due
to lower rate of valerate utilization by Megasphaera els-
denii bacteria in the rumen (Kung and Hession 1995).
The PS of forage in the current study had significant
effects on rumen fermentation parameters. The total
ruminal VFA concentration and the molar proportions
of individual VFA increased with decreasing forage PS
from long to medium in our study, probably reflecting
the extent of fermentation due to increasing the surface
area available for a microbial fermentation in the ru-
men (Kononoff et al., 2003b).

In the current study, the increased total VFA con-
centration and the molar proportion of propionate in
the rumen of calves offered AH on d 70 could be at-
tributed to the greater starter feed intake in AH com-
pared with WS, which may have increased the supply
of fermentable carbohydrates (starch and sugar) for the
rumen bacteria (Wang et al., 2014). It is known that
legumes have a higher buffering capacity than grasses
(Waldo, 1986); thus, it could be suggested that AH
may have been a better buffer than WS when a high-
starch textured feed was offered, allowing calves to
consume more starter feed. The previous report de-
scribed a positive relationship between an increase in
the rate of valerate utilization and microbial growth
(Cline et al., 1958). The greater rumen valerate molar
proportion observed in WS calves compared with AH
calves might indicate a potentially reduced growth of
Megasphaera elsdenii populations and decreased valer-
ate utilization rate in the rumen. Similarly, Castells
et al. (2013) also reported that valerate proportion in
the rumen were lower in calves fed AH than in calves
fed oat hay. Furthermore, the decrease in the rumen
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acetate-to-propionate ratio with AH was mainly due
to an increase in rumen propionate molar proportion.

Animal Behavior

In recent years, some studies have evaluated the ef-
fects of forage provision during the weaning transition
on the behavior of dairy calves. The effect of forage
provision is likely to vary depending on several factors,
including forage PS (Nemati et al., 2015) and forage
source (Castells et al., 2012; Mirzaei et al., 2017). In
the current study, forage source interacted with forage
PS to affect the time of eating starter feed, which was
longer for AH-LPS and WS-MPS calves and shorter for
AH-MPS and WS-LPS calves during the preweaning
period when forage was offered as a free-choice provi-
sion. Thus, when the forage PS was longer, calves spent
more time in ruminating than eating starter feed as the
NDF concentration increased in the forage, but when
forage source was more palatable to calves, as with
AH, they spent more time in eating than ruminating.
Furthermore, WS-MPS calves spent less time for stand-
ing during the preweaning period in the current study,
indicating that these calves were less active.

The present results suggested that increasing forage
PS plays an important role in calf behavior, where pro-
viding forage with long PS increased rumination time
but reduced lying and NNOB of dairy calves fed the
texturized starter feeds compared with medium PS.
Nemati et al. (2015) observed that calves increased the
amount of time spent ruminating and decreased their
NNOB around weaning when the PS of AH increased
from fine (1 mm) to medium (3 mm) as geometric
means. Montoro et al. (2013) also reported that provid-
ing 10% coarsely chopped (3 to 4 cm) grass hay to young
calves fed a mixed ration containing (on a DM basis)
90% crumb starter feed reduced NNOB compared with
offering finely ground (2 mm) grass hay. Longer forage
eating time for calves fed forage with long PS during
the pre- and postweaning periods were also expected
because intakes of long forage particles require more
eating time as a result of reduced eating rate (Nasrol-
lahi et al., 2014). Therefore, our results suggest that
increasing forage eating and rumination times by pro-
viding long PS of forage may help to reduce NNOB in
dairy calves and improve calf behavior.

In the present study, forage source affected the be-
havior of dairy calves. The WS calves exhibited longer
rumination times compared with AH calves during
both pre- and postweaning periods, which may be as-
sociated with the relatively greater fiber content in WS.
Provision of WS was associated with less postweaning
NNOB compared with AH. We speculate that this ac-
tivity relates to the increased time spent ruminating by
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the WS calves. This type of behavior is in line with the
study of Castells et al. (2012), who found that calves
fed barley straw devoted less time to perform NNOB
and more time for ruminating during 8 h of observa-
tions over the weaning transition compared with those
fed AH.

CONCLUSIONS

The results from this study showed that the provision
of chopped AH rather than WS increased preweaning
intakes of starter, ME, and forage and weaning BW
without improving ADG and final BW when a textured
starter feed was offered. Our study shows that the ef-
fects of forage source on behavior and rumen fermenta-
tion are dependent upon the forage PS in dairy calves
fed texturized starters. Feeding forage with longer PS
increased time spent ruminating and eating forage but
reduced time spent lying and NNOB compared with
medium PS. In addition, calves fed AH devoted less
time to ruminating but spent more time NNOB than
WS calves. During the preweaning period, the greatest
ruminal acetate proportion and acetate-to-propionate
ratio but the lowest propionate proportion were ob-
served in AH-MPS calves. Mainly, AH and medium PS
increased the total VFA concentration and propionate
proportion in the rumen compared with WS and long
PS, respectively. Therefore, a better understanding of
the effects of provision of grass and legume forages with
different PS on intake and behavior of calves will aid
in field management decisions to maximize the perfor-
mance and behavior of young calves.
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