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ABSTRACT

The aim of this study was to evaluate the effects of 
increasing the total solids (TS) content of liquid feed, 
by adding increasing amounts of milk replacer pow-
der to whole milk, on age at puberty and postweaning 
performance, glucose metabolism, and mammary fat 
pad of dairy heifers. Crossbreed Holstein × Gyr heifers 
(n = 58) were distributed into 4 different treatments 
during the preweaning period. Treatments consisted of 
liquid feeds with TS content of 12.5 (actual TS = 13.5 
± 0.53%; n = 15), 15.0 (actual TS = 16.1 ± 0.03%; 
n = 15), 17.5 (actual TS = 18.2 ± 0.14%; n = 13), 
or 20.0% (actual TS = 20.4 ± 0.24%; n = 15), which 
were provided up to 59 d old. From 60 to 89 d old, the 
animals received the same starter offered during the 
preweaning period in addition to corn silage ad libitum 
starting at 70 d old. From 90 to 104 d old, the animals 
were adapted to a total mixed ration. At 105 d old, the 
animals were distributed in 4 paddocks equipped with 
electronic feed and water bins and were fed the same 
total mixed ration ad libitum. A period of adaptation 
to the electronic feed bins occurred from 105 to 119 d 
old. Feed and water intake and body weight and body 
frame development were assessed until puberty. Mam-
mary gland evaluations were performed monthly by 
ultrasonography from 120 d of age until puberty onset. 
Puberty onset was determined as plasma progesterone 
concentration greater than 1 ng/mL in 2 consecutive 
samples collected 7 d apart. The date of puberty onset 
was recorded as the collection day of the first of these 
samples. A glucose tolerance test was performed at 280 
d of age. The increased TS content of the liquid feed 
fed during the preweaning period did not affect dry 

matter intake, performance, age at puberty, glucose 
metabolism, or mammary gland fat pad at later stages 
of rearing process. Conversely, hip width and heart 
girth increased linearly up to 150 and 240 d of age, 
respectively, as a result of the increased TS concentra-
tion of the liquid feed during the preweaning period.
Key words: later stages of rearing process, mammary 
gland, puberty, ultrasound

INTRODUCTION

Restricted liquid feeding strategies, especially during 
the first month of life, have been challenged by recent 
research in dairy calves. New strategies for increasing 
nutrient intake via liquid feed have been proposed to 
improve the future productivity of cattle. The effects 
of those feeding strategies have been evaluated in re-
lation to dairy heifers’ performance (Omidi-Mirzaei 
et al., 2015; Azevedo et al., 2016a,b; Overvest et al., 
2016), health (Obeidat et al., 2013; Ballou et al., 2015), 
behavior (Miller-Cushon et al., 2013; Guindon et al., 
2015; Jensen et al., 2015), insulin sensitivity (Bach et 
al., 2013; Yunta et al., 2015, MacPherson et al., 2016), 
and mammary gland development (Esselburn et al., 
2015; Geiger et al., 2016a,b). However, investigations 
of the long-term effects of preweaning calf management 
strategies associated with greater growth rates on re-
productive performance and mammary gland develop-
ment have yielded variable results (Raeth-Knight et al., 
2009; Yunta et al., 2015; Gelsinger et al., 2016).

Feeding large volumes of liquid feed twice daily dur-
ing the preweaning period induces insulin sensitivity 
during the preweaning period (Bach et al., 2013; Yunta 
et al., 2015) and may have longstanding effects on 
digestion and metabolism (MacPherson et al., 2016). 
The transposing effects on insulin sensitivity due to in-
tensive feeding during the preweaning period, however, 
requires further clarification.
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In addition to effects on overall metabolism, greater 
DMI during early life may affect mammary gland de-
velopment, especially regarding fat deposition (Brown 
et al., 2005). The evaluation of mammary gland de-
velopment (parenchyma and fat pad) of heifers that 
received or did not receive intensive nutrition is usually 
done after slaughter (Capuco et al., 1995; Brown et al., 
2005; Geiger et al. 2016a,b). Thus, the understanding 
of early gland mammary development and its long-term 
consequences is still limited. Advances in ultrasound 
(US) technology have allowed the harvest of quantita-
tive information in vivo, which had not been formerly 
assessed (Esselburn et al., 2015). Examination of mam-
mary tissue by US has been previously reported and 
validated in dairy heifers (Nishimura et al., 2011; Al-
bino et al., 2015, 2017; Esselburn et al., 2015; Weller 
et al., 2016).

The aim of our study was to evaluate the effects of 
increasing the TS content of liquid feed, by adding 
increasing amounts of milk replacer powder to whole 
milk, on performance, age at puberty, glucose metabo-
lism, and mammary fat pad of dairy heifers during 
the postweaning period. Our hypothesis was that an 
increased liquid feed TS content during the preweaning 
period would anticipate puberty onset, reduce insulin 
sensitivity, and cause alterations in the mammary 
gland fat pad when compared with liquid feed with 
lower TS content.

MATERIALS AND METHODS

The study was approved by the Ethics Committee 
of Embrapa Dairy Cattle, Brazil (protocol number 
21/2014). The experiment was conducted at the Em-
brapa Dairy Cattle Experimental Farm, located in 
Coronel Pacheco, Minas Gerais, Brazil.

Animals, Housing, Management, and Treatments

Holstein × Gyr crossbred heifers (n = 58) were en-
rolled, and their genetic composition was at least 5/8 
Holstein and a maximum of 3/8 Gyr. The same heifers 
were previously studied by Azevedo et al. (2016a) from 
5 to 89 d of age regarding the effect of increasing liquid 
feed TS concentration by adding milk replacer powder 
(MRP) to whole milk on performance, intake, and fe-
cal score. Detailed descriptions of facilities, initial care, 
and nutritional composition of diets provided during 
the preweaning (5–59 d of age) and early postweaning 
(60–89 d of age) periods can be found in Azevedo et al. 
(2016a).

The heifers were randomly assigned to 1 of 4 treat-
ments at birth. Preweaning treatments consisted of in-
creasing amounts of MRP (Sprayfo Violet SSP, Sloten 

BV, Deventer, the Netherlands) added to whole milk 
(12.6 ± 0.7% TS, mean ± SD; Table 1) to adjust the 
TS content to expected concentrations of 12.5 (actual 
TS = 13.5 ± 0.53%; n = 15), 15.0 (actual TS = 16.1 
± 0.03%; n = 15), 17.5 (actual TS = 18.2 ± 0.14%; 
n = 13), and 20.0% (actual TS = 20.4 ± 0.24%; n = 
15). Two heifers (treatment 17.5% TS) were withdrawn 
from the study; one in the last week of the postwean-
ing period due to an accident and another during the 
adaptation to a diet (between 90 and 104 d of age) as a 
result of death by anaplasmosis. The MRP was added 
to the whole milk immediately before being supplied 
to the heifers. The total volume of liquid feed (6 L/d) 
was divided into 2 equal meals (0800 and 1600 h) and 
provided to heifers in buckets from 5 to 55 d of age. At 
56 d of age, the total liquid feed volume was reduced 
by half (3 L/d provided at 0800 h only). The heifers 
were weaned at 60 d of age. Starter (Soylac Rumen 20% 
Flocculated, Total Alimentos, Três Corações, Brazil) 
and water were offered ad libitum during the pre- and 
postweaning period. At 70 d of age, corn silage was 
included in the diet in a separate bucket and was of-
fered ad libitum. Between 90 and 104 d of age, heifers 
were regrouped in pens (280 m2/pen; 15 animals/pen) 
for socialization and adaptation to a diet composed 
of fixed amount (2 kg/animal per day) of concentrate 
(96% soybean meal, 4% mineral and vitamin premix, 
DM basis) and ad libitum corn silage. Concentrate was 
placed on top of silage from 90 to 96 d of age and hand-
mixed with silage during the next week. Month of birth 
and treatment group were randomized for each pen.

At 105 d of age, the groups of heifers were moved to 
pens (450 m2) according to the previous groups and 
were adapted until d 119. The pens had no grass; 4 
pens were used and the final stoking of each was 15 
animals in pen 1, 14 animals in pen 2, 14 animals in 
pen 3, and 15 animals in pen 4. The heifers had ad 
libitum access to feed, which was provided using the 
electronic feed bins (AF −1000 Junior; Intergado Ltd., 
Minas Gerais, Brazil) per each pen. The TMR was of-
fered twice daily (0800 and 1500 h) and consisted of 
2 kg of concentrate per animal mixed with ad libitum 
corn silage using a mixer wagon (Calan Data Ranger, 
American Calan Inc., Norwood, NH). Orts were daily 
removed from the feed bins before morning feeding and, 
given the fixed amount of concentrate, the amount of 
corn silage was adjusted daily to target 10% orts. The 
silage proportions in total diets (DM basis) ranged 
proportionately from 0.50 to 0.78, with a mean value 
of 0.71. Water was offered ad libitum using 1 electronic 
water bin (WD-1000 Junior, Intergado Ltd.) at each 
pen. Animals were observed daily for signs of injury 
or disease and were treated according to routine farm 
management practices. 
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Intake, Performance, and Growth

Performance, body frame development, and individ-
ual feed and water intake were monitored from 120 d of 
age until puberty onset. All heifers received an ear tag 
with a passive transponder (FDX-ISO 11784/11785; 
Allflex, Joinville, SC, Brazil), which allowed recording 
of individual daily feed and water intake by the Interga-
do electronic system, previously validated by Chizzotti 
et al. (2015). Feed efficiency was calculated using the 
ratio between ADG and total DMI (Khan et al., 2007).

Heifers were weighed once per week before the morn-
ing feeding using an electronic scale (Toledo MGR-2000, 
São Bernardo, Brazil). Regression models were created 
to calculate the weight of the animals at the evaluated 
ages starting at 120 d of age. The ADG was calculated 
as the difference in weight between the evaluated peri-
ods divided by the number of days within the interval. 
The morphometric measurements were performed every 
14 d, in 2 replications, in a flat location, allowing the 
animals to remain with their limbs well set. The with-
ers height (distance from the withers to the ground) 
and hip height (distance from iliosacral tuberosity to 
the ground) were evaluated using a hipometer (Wal-
mur, Porto Alegre, Brazil). The heart girth (measured 
immediately caudally to the front limbs) and the hip 
width (distance between the 2 iliac tuberosities) were 
evaluated with a measuring tape (Bovitec, São Paulo, 
Brazil).

Reproductive Performance

To determine age at puberty onset, blood samples 
were collected weekly from each heifer after reaching 

200 kg of BW. Blood was collected in tubes containing 
EDTA K2/K3 (Labor Import, Osasco, Brazil). Plasma 
was immediately separated by centrifugation at 1,500 
× g for 15 min at room temperature (22–25°C) and 
stored at −20°C until further analysis for progesterone 
concentration. Progesterone analysis was performed 
using solid-phase radioimmunoassay kits (ImmuChem 
Coated Tube, ICN Pharmaceuticals Inc., Costa Mesa, 
CA). Intra- and interassay coefficient of variation and 
standard deviation were 12 ± 0.16 and 11 ± 0.15%, 
respectively. Puberty was confirmed when plasma pro-
gesterone concentrations were greater than 1 ng/mL in 
2 consecutive samples (Davis Rincker et al., 2011). Age 
at puberty onset was recorded as the age at the col-
lection day of the first of these 2 samples. All animals 
reached puberty. Body weight at puberty was estimated 
by interpolation from 2 weekly weights.

Mammary Gland Ultrasound

The development of the mammary gland was evalu-
ated monthly from 120 d of age until puberty onset. All 
ultrasonography images were obtained by the same per-
son using a B-mode US equipped with a micro-convex 
transducer of 6 MHz (DP 2200, Mindray, Shenzhen, 
China). The animals remained standing and contained 
(Coimma Head Gate, Dracena, Sao Paulo, Brazil) dur-
ing the evaluation of the mammary glands (front and 
rear quarters, both sides). The probe was placed in a 
standardized position at 45° in relation to the teat posi-
tion, always in caudal-cranial orientation (Nishimura et 
al., 2011). To improve image visualization, the scanned 
area was wetted with 70% alcohol and US lubricant 
(Carbogel ULT, Sao Paulo, Brazil).

Table 1. Nutrient composition of concentrate, corn silage, and diet offered for heifers from 120 d of age to 
age at puberty

Nutrient composition 
(DM basis, %) Corn silage Concentrate1

Diet2

Mean SD

DM 29.70 90.86 47.16 4.52
CP 7.96 47.52 19.25 2.92
Ether extract 3.36 2.33 3.06 0.08
Ash 5.35 7.28 5.90 0.14
NDF 52.00 11.82 40.51 2.97
ADF 27.54 6.55 21.54 1.55
TDN 70.06 84.14 74.06 1.07
Phosphorus 0.17 0.74 0.33 0.04
Magnesium 0.19 0.44 0.26 0.02
1Concentrate containing (DM basis) 96% soybean meal and 4% mineral and vitamin premix, composed of cal-
cium (192 g/kg), cobalt (90 mg/kg), copper (1,500 mg/kg), sulfur (25 g/kg), fluorine (897 mg/kg), phosphorus 
(80g/kg), iodine (90 mg/kg), magnesium (20 g/kg), manganese (3,000 mg/kg), selenium (25 mg/kg), sodium 
(103 g/kg), vitamin A (160,000 IU/kg), vitamin D3 (40,000 IU/kg), vitamin E (1,000 IU/kg), and zinc (5,000 
mg/kg).
2Mean (SD) composition of diet containing different proportions of corn silage and concentrate over the study 
(given the amount of concentrate offered was fixed at 2 kg per animal, as fed, and the amount of silage was 
adjusted daily to target 10% orts).
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One image was captured for each mammary gland 
of each animal. The images were saved in BMP for-
mat and transferred to the ImageJ software (National 
Institutes of Health; https:// imagej .nih .gov/ ij/ ) for 
further analysis. Four 20-mm2 squares were placed ran-
domly in each image, avoiding the area above the teat 
cistern by approximately 4 mm (Albino et al., 2015). 
The average number of pixels of each square was used 
to calculate the average pixels per image. The aver-
age pixels of the front and rear mammary glands were 
obtained and grouped per animal and period. In 8-bit 
images, each pixel is numerically represented on a scale 
of 256,000 shades of gray (0 = black; 256,000 = white) 
according to their brightness (Ferreira and Rasband, 
2011). The amplitude or brightness of pixels (0–255,000 
scale) can be defined in terms of echogenicity; that is, 
structures with high capacity to reflect sound waves 
are hyperechoic and have more pixels (e.g., adipose tis-
sue) whereas structures with limited capacity to reflect 
sound waves are hypoechoic and have fewer pixels (e.g., 
mammary parenchyma; Albino et al., 2015).

Glucose Tolerance Test

Heifers randomly selected from each treatment group 
(13.5% TS, n = 6; 16.1% TS, n = 6; 18.2% TS, n = 7; 
and 20.4% TS, n = 7) were submitted to an intravenous 
glucose tolerance test (GTT) at 280 ± 5 d of age. To 
maintain basal plasma glucose levels before the infu-
sion, solid feed was removed 5 h before the GTT start 
time. An indwelling catheter (Abbocath-T 16 gauge × 
140 mm; Hospira Inc., Lake Forest, IL) was placed in 
the left jugular vein. The catheter was used to infuse 
glucose (50% dextrose solution; Glucose 50%, Isofarma, 
Eusébio, Ceará, Brazil; 0.3 g/kg of BW administered 
over 1 min) and to collect blood samples. This dose 
was calculated based on previous studies with heifers 
(Sumner et al., 2007) and dairy cows (Marett et al., 
2015); therefore, a renal dose threshold was not evalu-
ated in the present study. Blood samples were collected 
at −20, −10, −1, 0, 5, 10, 20, 30, 40, 60, 80, 100, and 
240 min relative to the glucose infusion into tubes with-
out anticoagulant (for insulin dosage) or with sodium 
fluoride and EDTA K2/EDTA K3 (for glucose dosage; 
Vacutainer, Becton, Dickinson and Company, Franklin 
Lakes, NJ). The heifers were restricted from access to 
TMR and water at all times during sampling. Body 
condition score (ranked on a scale of 1 to 5; Edmonson 
et al., 1989) was determined at the day of the GTT.

Blood Samples

To assess circulating insulin and glucose concentra-
tions, blood samples were collected into tubes without 

anticoagulant (for insulin) or with sodium fluoride (for 
glucose; Vacutainer; Becton, Dickinson and Company). 
Tubes were placed in crushed ice until centrifugation at 
1,800 × g for 10 min at room temperature (22–25°C). 
Plasma or serum aliquots were stored at −20°C until 
analysis. Plasma glucose was measured on a micro-
plate Spectrophotometer EON (Biotek Instruments 
Inc., Winooski, VT) using an enzymatic colorimetric 
method (Kovalent do Brasil Ltda., Rio de Janeiro, Bra-
zil). Intra- and interassay coefficients of variation were 
≤3%. Insulin was analyzed using a bovine ELISA kit 
(Mercodia, Uppsala, Sweden); intra- and interassay co-
efficients of variation were ≤7.0 and 8.2%, respectively.

Nutritional Composition Analysis

Samples of TMR, silage, and concentrate were col-
lected thrice per week, pooled into a weekly sample, 
and stored at −20°C until analysis. Feed samples (TMR 
and corn silage) were dried in a forced-ventilation oven 
at 55°C for 72 h and were ground to 1-mm particle size 
in a Wiley Mill (model 3, Arthur H. Thomas Co., Phil-
adelphia, PA). All samples were analyzed for DM, CP, 
ether extract, ash, calcium, and phosphorus according 
to AOAC International (1995). Both NDF and ADF 
were determined according to the methods of Van Soest 
et al. (1991; Table 1). The concentration of TDN in 
diets was calculated as digestible CP + digestible NFC 
+ digestible NDF + (digestible fatty acids × 2.25).

Statistical Analysis

Data were analyzed using SAS 9.0 (SAS Institute 
Inc., Cary, NC). Regression models were generated 
for intake, performance, and growth data to compare 
treatments among periods of 120, 150, 180, 210, and 
240 d of age. Blood samples collected at −20, −10, and 
0 min before glucose infusion were used to determine 
baseline concentrations of glucose and insulin. The 
maximum increase in glucose and insulin were defined 
as the mean maximum concentrations achieved by each 
group after glucose infusion, and the insulin-to-glucose 
ratio at 10 min postinfusion was calculated by dividing 
the insulin concentration by the glucose concentration 
at that time. The positive incremental area under the 
curve for glucose and insulin was evaluated using the 
trapezoid rule for values above baseline and was calcu-
lated over 540 min for the postprandial responses and 
over 60 min for the GTT. The clearance rates of glucose 
and insulin during the GTT were calculated using the 
method established by Pires et al. (2007):

 Clearance rate (%/min) = {[ln(ta) − ln (tb)]/  

(ta − tb)} × 100,

https://imagej.nih.gov/ij/
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where ta and tb are the concentrations of insulin or 
glucose at times ta or tb, respectively. Insulin sensitiv-
ity was estimated using a simplified model described by 
Christoffersen et al. (2009).

Postweaning (120–240 d of age) feed and water 
intake, performance, feed efficiency, and body frame 
development and GTT were analyzed using PROC 
MIXED of SAS REPEATED statement, including 
heifer as the random term and treatment, day of age, or 
hour of sampling (GTT) and their interaction as fixed 
variables. Variables regarding mammary gland devel-
opment were analyzed using PROC MIXED of SAS 
REPEATED statement, including heifer as the random 
term and treatment, day of age, mammary gland (front 
and rear), and their interaction as fixed variables. For 
postweaning and mammary gland variables, orthogonal 
polynomial contrasts to estimate linear and quadratic 
effects of increasing liquid feed TS concentration during 
the preweaning period were used only when the effect of 
the treatment or the interaction between treatment and 
period were significant. The differences in the mean of 
pixels in the mammary gland images (front and rear, 
both sides) were analyzed using Tukey’s adjustment for 
P-values. Variables with a single measurement during 
the study (such as BW at puberty and glucose base-
line) were analyzed by using the GLM procedure with 
orthogonal polynomial contrasts to estimate the linear 
and quadratic effects of increased TS concentration in 
the liquid feed. Least squares means are reported for 
each treatment. The variables age, BW at 280 d of age, 
and BCS were considered as covariates for the glucose 
metabolism analyses. Significance was declared at P ≤ 
0.05.

RESULTS AND DISCUSSION

According to Azevedo et al. (2016a), increasing TS in 
whole milk by the addition of milk replacer powder up 
to 20.4% TS is an option for increasing pre- and post-
weaning (5–89 d of age) performance and body frame 
development of dairy heifers, with no effects on solid 
feed intake, fecal score, or days with diarrhea.

Intake, Performance, and Growth Measurements 

Total DM and water intake up to 240 d of age were 
similar among treatments and increased with age (P 
≤ 0.01; Table 2). Azevedo et al. (2016b) demonstrated 
that male calves receiving liquid feed with the same lev-
els of TS evaluated in the present study did not present 
differences in ruminal development, indicating similar-
ity between the digestive and absorptive capacities of 
the animals. These results suggest that the provision 
of liquid feed with greater TS concentration during the 
preweaning period did not affect rumen development, 
therefore not compromising postweaning feed intake. 
The same was observed when calves receiving larger 
volumes of liquid feed were weaned at 8 versus 6 wk of 
age (Eckert et al., 2015) or when gradual weaning was 
adopted (Khan et al., 2007; Sweeney et al., 2010; Silper 
et al., 2014).

Body weight, ADG, feed efficiency, as well as withers 
height and hip height up to 240 d of age were similar 
among treatments (Table 2). We noted interactions (P 
≤ 0.05; Table 2) among treatments and ages for heart 
girth and hip width up to 240 d of age. Up to 180 d of 
age a linear increase (P ≤ 0.05) occurred in the heart 

Table 2. Postweaning (120–240 d of age) feed and water intake, performance, feed efficiency, and body frame development of dairy heifers fed 
different TS contents in whole milk during the preweaning period (5–59 d of age)

Item

Treatment (% TS in whole milk)

SEM

P-value1

13.5  
(n = 15)

16.1  
(n = 15)

18.2  
(n = 13)

20.4  
(n = 15) T DOA T × DOA

Intake
 DM (kg of DM/d) 4.2 4.1 4.1 4.3 0.05 0.69 0.01 0.26
 Water (kg/d) 18.1 17.1 18.8 18.5 0.28 0.55 0.01 0.41
Performance
 BW (kg) 180 180 178 186 2.3 0.56 0.01 0.91
 ADG (g/d) 869 850 836 832 0.01 0.57 0.78 0.99
 Feed efficiency (kg of BW gain/kg 
  of total DMI)

0.21 0.22 0.21 0.20 0.01 0.19 0.01 0.24

Body frame development (cm)
 Withers height 107 106 107 108 0.33 0.27 0.01 0.08
 Heart girth 125 126 126 129 0.59 0.26 0.01 0.01
 Hip width 36 37 36 37 0.26 0.56 0.01 0.02
 Hip height 112 111 112 114 0.33 0.27 0.01 1.00
1T = treatment effect; DOA = day of age effect; T × DOA = treatment by day of age interaction.
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girth of heifers fed liquid feed with greater TS concen-
trations during the preweaning period, with no effect 
after 210 d of age (Figure 1a). A linear increase (P ≤ 
0.05) of hip height measurements was observed at 120 
d of age according to the increasing liquid feed TS con-
centrations; however, no effect was observed after 150 d 
of age (Figure 1b). Kiezebrink et al. (2015) also did not 
observe BW differences after 354 d of age in animals 
that received 4 or 8 L/d of liquid feed until 56 d of 
age, and reported that differences in hip height were 
not observed after 112 d of age. Yunta et al. (2015) 
reported that at 300 d of age no difference in BW could 
be found between heifers fed 6 or 8 L/d of liquid feed 
during the preweaning period.

Body Weight and Development at Puberty  
and Reproductive Parameters

Body weight, measurements of body development, 
and age at puberty onset were similar among treatments 

(Table 3). According to Schillo et al. (1992), puberty 
onset occurs when animals reach 40 to 50% of adult 
BW. The differences in preweaning ADG (Azevedo et 
al., 2016a) and the absence of differences in postwean-
ing ADG (Table 2) do not explain the similar age at pu-
berty onset among treatments, suggesting no carryover 
effect of the preweaning nutritional plan with greatest 
TS content on age at puberty onset. The current study 
is the first to investigate the effects of increased TS 
in the liquid feed during the preweaning period on 
later stages of rearing process and we did not observe 
reproductive changes. Further research in this area is 
needed to better determine the effect of enhanced TS 
in liquid feeding of calves on subsequent first-lactation 
performance. Similar results were observed by Terré et 
al. (2009) and Yunta et al. (2015), who did not observe 
differences in age at first conception and age at first 
calving in animals fed 3 or 7 L/d and 4.6 or 8.0 L/d of 
liquid feed, respectively. Shamay et al. (2005), however, 
showed that heifers receiving milk ad libitum reached 

Figure 1. (a) Heart girth (cm) and (b) hip width (cm) during the postweaning period (120–240 d of age) and (c) average number of pixels 
of the front and rear mammary glands pooled for each animal from 5 to 11 mo of age in dairy heifers fed different TS contents (13.5, 16.1, 18.2, 
and 20.4%) in liquid feed. An asterisk (*) represents the linear effect of treatments (P ≤ 0.05). Error bars represent SE.
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puberty 23 d earlier than heifers that received milk 
replacer (450 g of DM/d). It is important to emphasize 
that heifers studied herein reached puberty on average 
at 10 mo of age, earlier than previously reported by 
Facó et al. (2005) for crossbred Holstein × Gyr heifers.

Glucose Metabolism

In contrast to our hypothesis, the provision of greater 
amounts of TS twice daily during the preweaning pe-
riod did not alter insulin sensitivity postweaning (Table 
4). Similar results were observed by MacPherson et al. 
(2016), who did not observe alterations in GTT kinet-
ics between treatments characterized by feeding milk 
replacer at high (8 L/d) or low (4 L/d) levels twice a 
day to heifers that were submitted to GTT pre- and 
postweaning (4, 7, and 10 wk of age). In the present 
study, however, GTT was performed only in the post-
weaning period. If insulin sensitivity occurred at some 
stage of the animal’s life, this condition disappeared 

before 280 d of age, when GTT was performed. Yunta 
et al. (2015) showed that preweaning glycemia differ-
ences observed between groups disappeared at 84 d of 
age and reversed at 300 d of age. According to those 
authors, heifers receiving 8 L/d required lower amounts 
of insulin to control blood glucose than heifers who 
received 4 or 6 L/d of liquid diet during the preweaning 
period. These results indicate that a condition of insu-
lin sensitivity may occur in animals with high nutrition 
levels during the preweaning period, but this may not 
be a long-term occurrence. Studies of glucose metabo-
lism in heifers during pre- and postweaning periods 
should be performed to better understand the effect 
of diets on glucose metabolism, as the mechanisms of 
insulin secretion by the pancreas in response to concen-
trations of glucose are not fully developed until several 
months after birth (Grütter and Blum, 1991). After 2 
mo of age, specific changes occur in the liver and rumen 
gene expression to sustain the use of energy derived 
from ruminal fermentation (Grütter and Blum, 1991; 

Table 3. Body weight, body frame development, and age at puberty of dairy heifers fed different TS contents in whole milk during the 
preweaning period (5–59 d of age)

Item

Treatment (% TS in whole milk)

SEM

Contrast, P-value

13.5 
 (n = 15)

16.1 
 (n = 15)

18.2  
(n = 13)

20.4 
(n = 15) Linear Quadratic

BW at puberty (kg) 279 286 284 294 3.41 0.15 0.77
Body frame development at puberty (cm)
 Withers height 119 121 121 122 0.51 0.11 0.85
 Heart girth 151 152 153 154 0.76 0.10 0.79
 Hip width 48 49 48 49 0.32 0.71 0.88
 Hip height 123 122 125 126 0.71 0.10 0.72
Age at puberty (d) 292 308 308 315 4.73 0.10 0.60

Table 4. The effect of different TS contents in whole milk fed during the preweaning period (5–59 d of age) on glucose and insulin responses to 
an intravenous glucose tolerance test in dairy heifers with 280 d of age

Item

Treatment (% TS in whole milk)

SEM

Contrast, P-value

13.5  
(n = 6)

16.1  
(n = 6)

18.2  
(n = 7)

20.4  
(n = 7) Linear Quadratic

Glucose baseline (mg/dL) 72.83 72.12 69.71 70.52 1.26 0.36 0.75
Insulin baseline (µU/mL) 2.73 2.36 3.09 2.56 0.28 0.93 0.90
Glucose AUC1 (mg/dL × 60 min) 3,260.80 2,603.87 3,425.41 3,882.17 176.27 0.08 0.09
Insulin AUC1 (µU/mL × 60 min) 1,109.26 505.22 1,060.57 567.35 137.81 0.37 0.84
Maximum glucose increase (mg/dL) 204.49 173.93 212.18 207.41 5.62 0.24 0.13
Maximum insulin increase (µU/mL) 20.85 20.57 21.76 23.10 2.56 0.76 0.89
Clearance rate of glucose (%/min) 0.45 0.39 0.45 0.38 0.02 0.50 0.98
Clearance rate of insulin (%/min) 1.26 0.95 1.25 1.49 0.10 0.27 0.21
Insulin to glucose (µU/mg) (10 min) 18.49 13.75 21.13 12.73 2.40 0.63 0.70
Insulin sensitivity2 (mL/min × µU/mL 
 per kilogram of BW)

0.06 0.07 0.03 0.05 0.01 0.27 1.00

1AUC = area under the curve (discounting baseline concentration).
2Calculated according to Christoffersen et al. (2009).
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Baldwin et al., 2004). During the transition to a mature 
ruminant state, where supply of lactose as an energy 
source is reduced, adaptations in glucose metabolism 
(Baldwin et al., 2004) may prevent possible insulin sen-
sitivity before the transition.

Mammary Gland

The average pixels in the mammary fat pad area was 
not influenced by the TS concentrations of the liquid 
feed provided during the preweaning period (Table 5). 
We noted, however, an increase in the average pixels as 
heifers developed (P = 0.01, Figure 1c). This suggests 
that the increase of mammary gland fat pad occurred 
according to age without an effect of the prewean-
ing nutrition on the postweaning development of the 
mammary gland. According to Capuco et al. (1995), as 
BW increases, the fat pad of the mammary gland also 
increases. Meyer et al. (2006) found no differences in 
parenchyma composition among animals submitted to 
restricted or elevated nutritional plans, showing that 
the development of parenchyma seems to be more re-
lated to chronological age than to nutrition. The mam-
mary gland fat pad content is, however, sensitive to 
nutritional changes. A greater nutrient intake leads to 
greater accumulation of lipids in the adipocytes, result-
ing in hypertrophy (Meyer et al., 2006). In the present 
study, all animals were evaluated at the same age and 
we found no difference in BW and ADG in the studied 
periods, which may justify the absence of differences in 
mammary fat pad among groups. These results, com-
bined with those observed by Azevedo et al. (2016b), 
who reported no change in the percentage of fat in the 
body composition of male dairy calves receiving liquid 
feed with TS concentrations similar to that used in the 
present study, support the hypothesis of a similar effect 
on body composition and mammary gland of heifers.

The average pixels among the evaluated quarters dif-
fered (P = 0.01). Greater pixel values were observed in 
the rear mammary glands (108,489 ± 775 pixels) than 
the front glands (105,048 ± 770 pixels).

CONCLUSIONS

Increasing TS in whole milk by adding milk replacer 
powder up to 20.4% during the preweaning period did 
not affect intake, postweaning performance, or age 
at puberty of dairy heifers, as well as it did not alter 
glucose metabolism nor the mammary gland fat pad. 
Conversely, the increase in liquid feed TS concentration 
during the preweaning period linearly increased the 
measurements of hip width and heart girth up to 150 
and 240 d of age, respectively.T
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