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ABSTRACT

The objective of this study was to determine if in-
creased dietary fat from dried distillers grains with
solubles (DDGS) in diets of growing heifers affected
metabolic profile, plasma fatty acid profile, and re-
productive maturation. Thirty-three Holstein heifers
(133 £ 18 d of age) were used in a 24-wk randomized
complete block design with 3 treatment diets. Treat-
ment diets were (1) control (CON) containing ground
corn (15.9% of DM) and soybean products (17.9%),
(2) low-fat (LFDG) containing low-fat DDGS (21.9%)
and ground corn (11.9%), or (3) high-fat (HFDG) with
traditional DDGS (33.8%). Diets were isonitrogenous
and isocaloric, but the HFDG diet was formulated
to contain 4.8% fat compared with 2.8% in the CON
and LFDG diets. All 3 diets were limit-fed to 2.45% of
body weight on a dry matter basis, and resulted in a
mean average daily gain of 0.96 kg/d across treatments.
Every 4 wk, jugular blood was collected for analysis
of metabolites and metabolic hormones. During wk
20 of the feeding period, blood samples were collected
for analysis of plasma fatty acid profiles. When heif-
ers weighed between 200 and 300 kg of body weight,
coccygeal blood samples were taken twice weekly for
analysis of progesterone to determine if puberty had
been reached. Plasma concentrations of nonesterified
fatty acids were similar among treatments and consis-
tent over the duration of the study. Plasma concentra-
tions of 3-hydroxybutyrate, insulin, insulin-like growth
factor-1, and leptin were similar among heifers fed each
treatment diet, but increased over the duration of the
feeding period. Serum concentrations of glucose tended
to be less in heifers fed HFDG compared with heifers
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fed the CON diet. Glucose concentrations fluctuated
throughout the feeding period, but no treatment by
time interactions were noted. Plasma urea N concen-
trations were less in heifers fed LFDG compared with
heifers fed HFDG and CON diets. The concentrations
of plasma urea N increased over the duration of the
feeding period, with no treatment by week interaction.
Total plasma cholesterol was greater in heifers fed
HFDG compared with the CON and LFDG diets, and
a significant week effect and a week by treatment inter-
action were observed. Fatty acid profiles also differed
among treatments based on the supply of fatty acids
from the diet. Progesterone analysis indicated that
heifers fed HFDG tended to be pubertal at a younger
age than heifers on CON. These results demonstrate
that dietary fat from DDGS can be used in high-plane
of nutrition rations for growing heifers and maintain
metabolic energy status compared with starch from
corn, but alters the concentrations of different blood
lipids.
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INTRODUCTION

Previous research on feeding distillers grains to dairy
heifers has demonstrated that growth performance can
be maintained compared with feeding other common
feedstuffs (Anderson et al., 2009; Schroer et al., 2014).
It has been established in previous research (Anderson
et al., 2006, 2009; Schingoethe et al., 2009) that feed-
ing conventional distillers grains at increasing inclusion
rates also increases dietary fat concentrations. Because
of these changes in dietary nutrient profile compared
with traditional corn- and soybean-based diets, metab-
olites, metabolic hormones, and body composition may
be affected. It was speculated that metabolic changes
may be occurring despite similar ADG or skeletal
growth, even when all heifers are fed on a high plane of
nutrition. Changes in metabolic profile are of particu-
lar interest in dairy heifers for several reasons. First,

5709



5710

metabolic status and body composition are linked to
the onset of puberty (Funston et al., 2012; Perry, 2012).
Second, timing of puberty and rate of gain have been
found, in turn, to influence mammary development
and subsequent milk production (Tucker, 1981; Van
Amburgh et al., 1998; Zanton and Heinrichs, 2005). In
light of these findings, determining if increased dietary
fat from feeding distillers dried grains with solubles
(DDGS) results in changes in metabolic profile, in
particular, metabolites and hormone related to energy
metabolism, or onset of puberty is an important en-
deavor because differences could influence long-term
performance.

Research regarding effects of feeding specific FA pro-
files to growing dairy calves and heifer diets is lacking.
It is speculated that certain FA may be more beneficial
than others, although results were conflicting in calf
study by Hill et al. (2009) and a calf-to-heifer (0-6 mo of
age) feeding study by Thibault et al. (2003). Polyunsat-
urated fat was reported to increase pubertal mammary
growth in sheep (McFadden et al., 1990), but Thibault
et al. (2003) fed dairy heifers a high-soybean oil diet
that was high in linoleic acid and found no differences
in growth or mammary development. Ambrose et al.
(2006) demonstrated that dietary supplementation of
PUFA, in particular a-linolenic acid, improved repro-
duction in lactating cows, and Thomas et al. (1997)
demonstrated that isolipidic diets affected reproduction
differently depending on degree of saturation in beef
heifers.

Leptin is of interest because it may be a link between
metabolic status and reproductive status (Zieba et al.,
2005). When growing animals reach a certain metabolic
status or body fat composition, leptin is thought to have
a permissive action on release of gonadotropin releasing
hormone (Zieba et al., 2004, 2005). In beef heifers it has
been demonstrated that serum concentrations of leptin
increased in a linear fashion from 16 wk before puberty
until the week of ovulation (Maciel et al., 2004).

Distillers dried grains with solubles have a relatively
high fat value at 10 to 15% ether extract. Typically 50%
of the fat in DDGS is linoleic acid (C18:2; Leonardi et
al., 2005; Anderson et al., 2006, 2009). Linoleic acid is
thought to be one of the essential FA because it can be
elongated to arachidonic acid and cholesterol, which are
used for hormone synthesis and cellular membranes (Si-
mopoulos, 1991). In beef heifers, research revealed that
feeding DDGS did not affect age or BW at puberty, but
did improve Al conception rates and pregnancy rates
compared with a control supplement of equal energy
(Martin et al., 2007).

The major objective of our study was to characterize
how increased dietary fat from feeding a high inclu-
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sion rate of DDGS affected the blood metabolic profile,
including key metabolic hormones and metabolites re-
lated to energy metabolism, in growing dairy heifers fed
on a high plane of nutrition. Because FA composition
has been shown to differentially affect reproduction, it
was also a goal to characterize the plasma FA profiles.
A secondary objective was to determine if changes in
metabolism were enough to change age at onset of pu-
berty. However, because of the scope of this research
we were only able to use low numbers of heifers, thus
the secondary objective was preliminary in nature and
focused more on determining if future research is war-
ranted rather than making definitive conclusions. The
main hypothesis was that metabolic and FA profiles
would be different between the HFDG diet compared
with the CON and LFDG diets because of the replace-
ment of starch with fat as an energy source in diets that
provided for high rates of ADG. It was also hypoth-
esized that changes in metabolic profiles may influence
the age at onset of puberty among treatments.

MATERIALS AND METHODS
Experimental Design

Samples for this research were taken during the feed-
ing study described in the companion paper (Anderson
et al., 2015); for more details on diets, feeding pro-
tocols, and heifer growth characteristics, refer to that
paper. Briefly, 33 heifers were used in randomized com-
plete block design with 3 dietary treatments. The study
lasted for 24 wk during the prepubertal growth period.
The 3 treatment diets (Table 1) were a control diet
containing corn and soybean products (CON), a diet
utilizing low-fat distillers dried grains that was similar
to the control in starch and fat content (LFDG), and
a diet containing traditional DDGS that was lesser in
starch and higher in fat (HFDG) compared with the
CON and LFDG diets. All diets contained approxi-
mately 40% grass hay and 25% corn silage on a DM
basis. The diets were formulated to be isonitrogenous
and isocaloric. Diets were limit-fed to 2.45% of BW on
a DM basis. Diets provided for a high plane of nutri-
tion, as ADG averaged 0.96 kg/d for the 3 treatments
(Anderson et al., 2015). Throughout the feeding period,
collection of blood samples was performed for assess-
ment of metabolic and reproductive status of the grow-
ing heifers via analysis of hormones and metabolites.

Sample Collection and Analysis

For analysis of glucose, NEFA, BHBA, cholesterol,
plasma urea nitrogen (PUN), insulin, IGF-1, and
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Table 1. Ingredients and nutrient composition of the control diet (CON), the low-fat diet containing fat
extracted dried distillers grains with solubles (LFDG), and the high-fat diet containing traditional dried
distillers grains with solubles (HFDG) fed to growing Holstein heifers

Diet

Item' CON LFDG HFDG

Ingredient, % of DM
Grass hay 39.79 39.78 39.79
Corn silage 24.86 24.86 24.85
Dried distillers grains with solubles (DDGS) 0 0 33.80
Low-fat DDGS 0 21.88 0
Ground corn 15.91 11.93 0
Soybean meal, 44% CP 8.95 0 0
Expellers soybean meal® 8.95 0 0
Limestone 0.40 0.40 0.40
Mineral premix® 0.78 0.78 0.80
Salt* 0.36 0.36 0.36

Nutrient, % of DM (unless otherwise noted)
DM, % of diet 71.0 71.8 70.7
CP 15.8 16.3 16.7
Ether extract (diethyl) 2.91 3.08 7.00
Oil 1.97 2.22 4.72
Starch 20.4 19.0 8.3
ME, Mcal/kg of DM 2.48 2.45 2.46
NEg, Mcal/kg of DM 0.97 0.96 0.96

'Diets were formulated to meet or exceed requirements with NRC (2001). Nutrient composition based on

analysis described by Anderson et al. (2015).
*SoyPlus (West Central Cooperative, Ralston, TA).

*Contained: 2.2 g/kg of lasolocid sodium, 16.05% Ca, 10.0% P, 20.45% NaCl, 2.0% Mg, 0.7% K, 0.8% S, 5,520
mg/kg of Zn, 3,700 mg/kg of Mn, 1,000 mg/kg of Fe, 1,010 mg/kg of Cu, 86 mg/kg of I, 25 mg/kg of Co, 53
mg/kg of Se, 704,000 IU/kg of vitamin A, 140,800 IU/kg of vitamin Ds, and 5,280 IU /kg of vitamin E (Future
Cow Supreme Premix B2000, Land O’ Lakes, Inc., St. Paul, MN).

*Heifers were provided ad libitum access to white salt (NaCl) blocks, which are not accounted for in these

values.

leptin blood samples were taken at the beginning of the
study and then every 2 wk throughout on 2 consecutive
days. Blood samples were taken approximately 3.5 h
postfeeding (1230 h) via venipuncture of the jugular
vein into Vacutainer tubes (Becton, Dickinson, and
Company, Franklin Lakes, NJ) containing NaF1 for glu-
cose analysis or KbEDTA for all other analyses. Follow-
ing blood collection, samples were immediately placed
on ice and then brought within 3 h to the laboratory
for processing. Blood collection tubes were centrifuged
at 1,000 x ¢ for 20 min at 4°C (CR412 Jouan Inc.,
Winchester, VA). Plasma (from the K,EDTA tubes) or
serum (from the NaF1 tubes) was then transferred into
polystyrene storage tubes and frozen at —20°C until
further processing and analysis could be completed. Be-
fore analysis, the samples from the 2 consecutive days
from each week were composited together by volume
and aliquots were obtained for each respective assay.
Based on the consistency of growth data among treat-
ments (Anderson et al., 2015) it was decided to assay
only samples from wk 0, 4, 8, 12, 16, 20, and 24 of the
feeding period, with samples for the other weeks kept
as back-up samples.

Metabolites (glucose, NEFA, BHBA, cholesterol, and
PUN) were analyzed with commercially available enzy-
matic or colorimetric assay kits on a microplate spec-
trophotometer (Cary 50, Varian Inc., Walnut Creek,
CA.) Serum glucose was analyzed using glucose oxidase
as described by Trinder (1969; Pointe Scientific Inc.,
Canton, MI). Nonesterified fatty acids were analyzed
using methods described by Johnson and Peters (1993;
NEFA C kit; Wako Chemicals Inc., Richmond, VA).
Beta-hydroxybutyrate dehydrogenase and diaphorase
were used for analysis of plasma BHBA as described by
Williamson et al. (1962; Pointe Scientific Inc.). Plasma
total cholesterol was analyzed using cholesterol esterase
and oxidase (Pointe Scientific Inc.) as described by Al-
lain et al. (1974). Plasma urea nitrogen was analyzed
using diacteyl monoxime (Procedure 0580; Stanbio
Laboratory, Boerne, TX).

For metabolic hormones, including insulin, IGF-1,
and leptin, plasma samples were analyzed by RIA.
Insulin was quantified by solid-phase RIA (Coat-A-
Count, Diagnostic Products Corp., Los Angeles, CA)
within a single assay with an interassay coefficient of
variation of 3.9%. Plasma concentrations of IGF-I were

Journal of Dairy Science Vol. 98 No. 8, 2015



5712

determined in duplicate by RIA as described by Ech-
ternkamp et al. (1990) and Funston et al. (1995). To
extract the insulin-like growth factor binding proteins
(IGF-BP) from the plasma, samples were incubated
overnight with a ratio of 1:17 sample to acidified etha-
nol (12.5% 2 N HCI:87.5% absolute ethanol; Daugha-
day et al., 1980). To separate the extracted IGF-BP,
the samples were then centrifuged (12,000 x g at 4°C
for 10 min). An aliquot of supernatant was removed
and neutralized with 0.855 M Tris base. Samples were
then incubated overnight again at 4°C and, to remove
any residual, IGF-BP samples were again centrifuged
(12,000 x g at 4°C for 10 min). Inhibition curves of the
neutralized extracted plasma (range 25-50 pL) were
determined. The radioiodinated antigen and standard
used was recombinant human IGF-I (GF-050; Austral
Biological, San Ramon, CA). At a dilution of 1:50,000,
Antisera AFP4892898 (National Hormone and Peptide
Program, Harbor-UCLA Medical Center, Torrance,
CA) was used. Assay sensitivity was 15.23 pg/tube.
Samples were analyzed within 1 assay and intra-assay
coefficient of variation was 8.22%. Samples for leptin
analysis were sent to the University of Missouri for
analysis by a highly sensitive ovine leptin RIA, which
was validated for bovine plasma (Delavaud et al., 2007).
All samples were analyzed within 1 assay and interas-
say coefficient of variation was 8.15%.

During wk 20, extra blood was taken and plasma
was harvested, as previously described, for FA deter-
mination. Plasma lipid extractions were performed as
described by Bligh and Dyer (1959). Extracted lipids
were then prepared for FA analysis using butylation
methods, as described by Sukhija and Palmquist (1988)
with adaptations by Abdelqader et al. (2009). Feed
samples for FA analysis were collected and processed
as described in Anderson et al. (2015). Four-month
feed composites were analyzed for FA profiles via direct
butylation techniques (Abdelqader et al., 2009). All
prepared FA samples were analyzed via GC (Hewlett
Packard 6890, Palo Alto, CA) as described by Abdelqa-
der et al.(2009).

To test for precocious onset of puberty, additional
blood samples were taken for progesterone analysis.
Sampling began when each heifer reached 200 kg of
BW and continued until they reached 300 kg of BW.
Blood samples were taken via coccygeal venipuncture
into Vacutainer tubes (Becton Dickinson Co.) con-
taining K,EDTA twice weekly (Tuesday and Friday).
Plasma was harvested as previously described. Plasma
progesterone concentrations were determined using a
validated RIA procedure as described by Engel et al.
(2008). Inter- and intra-assay coefficients of variation
were 2.94 and 11.3%, respectively, and assay sensitiv-
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ity was 0.4 ng/mL. Precycling baseline progesterone
concentrations averaged 0.42 + 0.182 ng/mL among
treatments. Heifers were determined to have reached
puberty when progesterone concentrations were greater
than 1 ng/mL, indicating that corpus lutea had formed
and that estrous cycling and ovulation had begun.

Calculations and Statistical Analyses

All statistical analyses were conducted using SAS 9.3
(SAS Institute Inc., Cary, NC). For feed FA analysis,
data were compiled and standard errors were calculated
using the MEANS procedure in SAS. Dietary FA values
were calculated based on analysis of the concentrate
mixes, corn silage, and hay for each treatment over the
course of the study. For plasma FA, analysis was con-
ducted with the MIXED procedure in SAS. The model
included treatment with the block as a random variable.
Least squares means for each treatment are reported
in the tables and were compared using Tukey’s test.
Plasma metabolites and metabolic hormones data were
analyzed with the inclusion of week as the repeated
measure using MIXED procedures (Littell et al., 2008).
Main effects in the model were treatment, week, and
treatment x week interactions. Values for initial mea-
surement were found to be different among treatments,
thus they were accounted for within the model as a
covariate term. For the repeated measures, Akaike’s
criteria were used for each parameter to determine
the most suitable covariance structure. Least squares
means for each treatment are reported in the tables and
were compared among treatments using Tukey’s test.
Puberty data were analyzed as binomial data (cycling
or noncycling) by certain criteria for age or weight.
Also, puberty was analyzed using repeated measures
by 10-d intervals of age. Significant differences among
treatments for all analysis were declared at P < 0.05
and tendencies for treatment differences were declared
at 0.05 < P < 0.10.

RESULTS
FA

Table 2 shows the FA profiles for the overall diets.
These results agree with ether extract values in Table 1
and show that the HFDG diet had more fat compared
with the CON and LFDG diets. More total FA, C16:0,
C16:1, C18:1 c¢is-9, and C18:2 as dietary concentrations
(g/kg of DM) were observed in the HFDG compared
with the LEDG and CON.

Plasma FA are presented as the profile of total FA
(g/100 g of FA) and as plasma concentration (pg/
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Table 2. Fatty acid compositions of the control diet (CON), the low-fat diet containing fat-extracted dried distillers grains (LFDG), and the
high-fat diet containing traditional dried distillers grains with solubles (HFDG)

Treatment
CON LFDG HFDG

FA,' g/kg of DM Mean SE Mean SE Mean SE

C4:0 0.160 0.0143 0.159 0.0129 0.203 0.0152
C6:0 0.237 0.0086 0.257 0.0121 0.011 0.0190
C8:0 0.122 0.0052 0.127 0.0057 0.116 0.0118
C10:0 0.075 0.0224 0.075 0.0227 0.072 0.0214
C12:0 0.160 0.0095 0.167 0.0116 0.235 0.0107
C12:1 0.198 0.0464 0.151 0.0437 0.151 0.0437
C14:0 0.877 0.1933 1.091 0.1795 2.138 0.1461
C16:0 2.722 0.1000 2.943 0.0953 6.866 0.0423
C16:1 0.909 0.1778 0.800 0.1777 7.977 0.1647
C18:0 0.488 0.0215 0.395 0.2695 0.848 0.0149
C18:1 trans’ 0.004 0.0040 0.012 0.0072 0.088 0.0009
C18:1 cis® 2.255 0.0394 2.613 0.0491 9.822 0.1164
C18:2 2.887 0.0774 2.748 0.0714 19.706 0.1921
C18:3 v 0.183 0.0369 0.192 0.0371 0.432 0.1004
C20:0 0.591 0.0639 0.629 0.0583 0.231 0.0205
C18:3 0.653 0.0127 0.558 0.0079 1.038 0.0214
C20:2 0.085 0.0259 0.089 0.0260 0.076 0.0246
C20:4 0.335 0.0614 0.294 0.0627 0.483 0.0650
Other* 1.698 0.3471 1.722 0.3354 1.991 0.2869
Total 14.64 0.461 15.02 0.534 45.34 0.278

'Represented as number of carbons: number of double bonds.
’Includes all C18:1 trans isomers.
*Includes all C18:1 cis isomers.

‘Sum of C5:0, CT:0, C9:0, C11:0, C11:1, C13:0, C13:1, C14:1, C15:0, C17:0, C17:1, C20:1, C20:3, C22:0, C22:1, €22:2, C22:3, C22:4, C22:5,

C22:6, C23:0, C24:0, and unidentified FA.

mL of plasma) in Table 3. Overall when comparing
the profile of FA, only a few major differences were
noted among treatments. When examining FA profiles,
linoleic acid (C18:2) was the largest proportion of FA
in all 3 treatments. Comparing the FA profiles among
treatments, heifers fed the HFDG had greater (P <
0.05) proportion of C18:2 compared with the CON-fed
heifers. Palmitic (C16:0) and stearic acid (C18:0) were
similar proportions of the FA profiles in all 3 treat-
ments. When comparing to FA profiles to total concen-
tration of FA in the plasma, differences were observed
in what was statistically different among treatments.
Plasma from heifers fed the HFDG had similar plasma
concentrations of C18:2 compared with the heifers fed
the LFDG diet, but greater concentrations compared
with the CON diet. Plasma concentrations of C16:0
and C18:0 were greatest in heifers fed HFDG. Heifers
fed the HFDG diet also had greater (P < 0.05) plasma
concentrations of C18:1 trans-9 and C20:4 compared
with the CON-fed heifers. The heifers fed the CON diet
had greater plasma FA concentration of C18:1 cis-9
compared with the LFDG and HFDG-fed heifers. Heif-
ers fed the HFDG diet had greater (P < 0.05) plasma
concentration of total FA compared with the heifers

fed the CON diet, but were similar to heifers fed the
LFDG diet.

Metabolites and Metabolic Hormones

Metabolites and metabolic hormone concentrations
are presented in Table 4. Heifers fed the CON diet had
greater glucose concentrations compared with heifers
fed the HFDG diet. However, the LFDG diet was not
statistically different from either treatment. Plasma
NEFA concentrations were not different among treat-
ments, with no treatment or treatment by time interac-
tion. Plasma BHBA concentrations were also similar
among treatments and did not have a treatment x
week interaction; however, BHBA did increase slightly
as the study progressed. Plasma cholesterol was affect-
ed by treatment (P < 0.01), week (P < 0.01), and an
interaction of treatment x week (P = 0.02) occurred.
Results for cholesterol are also presented in Figure 1
to illustrate these interactions. Heifers fed the CON
diet had the least plasma concentrations of cholesterol,
which remained fairly static in concentration over the
duration of the study. Heifers fed the LFDG diet had
similar total cholesterol concentrations to the CON-fed
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Table 3. Plasma FA profiles and concentrations from wk 20 of the feeding period for Holstein heifers fed the
control (CON), the low-fat diet containing fat-extracted high-protein dried distillers grains (LFDG), and the
high-fat diet containing traditional dried distillers grains with solubles (HFDG)

Treatment P-value
Ttem' CON LFDG HFDG SEM Treatment
mg/100 mg of FA
C4:0 3.28" 2.64%° 2.20° 0.215 <0.01
C5:0 7.85 6.53" 5.33" 0.509 <0.01
C6:0 0.28 0.30 0.24 0.037 0.40
C7:0 1.22° 1.09* 0.80" 0.086 0.05
C8:0 0.31° 0.24% 0.19" 0.026 0.01
C14:0 0.86 0.59 0.57 0.154 0.33
C14:1 0.63* 0.45" 0.37" 0.028 <0.01
C16:0 9.94 9.54 9.75 0.387 0.39
C16:1 0.57 0.67 0.54 0.149 0.75
C18:0 13.35 12.94 13.03 0.504 0.78
C18:1 trans-9 0.01° 0.02° 0.10* 0.076 <0.01
C18:1 trans-10 0.57 0.78 0.92 0.182 0.38
C18:1 trans-11 1.04 1.01 0.93 0.181 0.89
C18:1 ¢is-9 7.26" 4.82" 4.96" 0.257 <0.01
C18:1 cis-11 0.45 0.35% 0.27° 0.046 0.03
C18:2 ¢is-9,cis-12 24.65" 28.07"" 30.08" 1.390 0.03
C18:3 ~ 0.64 0.58 0.63 0.063 0.78
C18:3 o 1.60 0.54 0.55 0.140 <0.01
€20:4 15.61 15.46 15.88 0.918 0.87
Other? 10.64 13.50 13.02 2.478 0.41
pg/mL of plasma
C4:0 22.02 21.45 21.75 0.32 0.35
C5:0 53.24 53.11 52.71 1.33 0.95
C6:0 1.92 2.46 2.41 0.26 0.26
CT7:0 8.24 8.21 7.97 0.31 0.76
C8:0 2.10 1.90 1.93 0.15 0.60
C14:0 6.03 5.15 5.95 1.56 0.89
Cl14:1 4.40 3.78 3.82 0.29 0.21
C16:0 70.74¢ 81.36" 99.71° 6.38 <0.01
C16:1 4.29 6.11 5.40 1.46 0.64
C18:0 97.59" 109.36™ 131.65" 9.01 0.03
C18:1 trans-9 0.19" 0.14" 1.01* 0.18 <0.01
C18:1 trans-10 3.99 7.08 9.25 1.75 0.12
C18:1 trans-11 7.73 8.53 9.56 1.73 0.74
C18:1 cis-9 50.23 40.53" 51.07" 3.33 0.04
C18:1 cis-11 3.14 2.94 2.73 0.31 0.64
C18:2 ¢is-9,cis-12 185.87" 237.69%" 300.59° 23.85 <0.01
C18:3 5 4.70 4.80 6.23 0.66 0.17
C18:3 o 11.17° 4.33° 5.71° 1.00 <0.01
C20:4 110.47" 129.80" 160.33" 9.42 <0.01
Other? 90.83 114.30 136.29 28.41 0.24
Total 723.8" 845.4™ 1010.8" 67.26 0.02

"Represented as number of carbons: number of double bonds.
*Sum of €9:0, C10:0, C12:0, C13:0, C13:1,C15:0; C17:0; C17:1; C20:0, C20:2, C20:3, C22:1, C22:2, C22:3,
C22:4, C22:5, C22:6; C23:0, C24:0, and unidentified FA.

heifers until wk 20, when the cholesterol concentration
began to increase. Heifers fed the HFDG diet increased
in concentrations of cholesterol by wk 4 of the study,
although it was not statistically different from the 2
other treatments until wk 8. By the end of the study,
heifers fed the HFDG diet were averaging 100.5 mg/
dL of total plasma cholesterol, whereas the heifers fed
the CON and LFDG diets averaged approximately 70
mg/dL of cholesterol. Plasma urea N was the least in
the heifers fed the LFDG diet compared with heifers
fed the other 2 diets, which had similar concentrations.
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The PUN concentrations increased over the duration of
the feeding period in all heifers; however, all concentra-
tions were numerically close.

Plasma concentrations of insulin, IGF-1, and leptin
are presented in Table 4, and leptin concentrations over
the feeding period are also presented in Figure 2. All
3 hormones were similar among treatments, with no
significant treatment by week interactions. Insulin and
IGF-1 were greater in the initial samples, in agreement
with glucose, because the ration being fed before the
experimental treatments began had greater starch con-
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Table 4. Plasma metabolites and metabolic hormone concentrations for Holstein heifers fed the control (CON), the low-fat diet containing fat-
extracted high-protein dried distillers grains (LFDG), and the high-fat diet containing traditional dried distillers grains with solubles (HFDG)

Treatment P-value
Ttem CON LFDG HFDG SEM Treatment Week Treatment x week
Glucose," mg/dL 74.05* 72.87%" 71.53" 0.981 0.06 0.01 0.35
NEFA, pM 278.5 285.4 292.9 9.81 0.63 0.67 0.90
BHBA, mg/dL 9.26 8.60 8.89 0.344 0.11 0.04 0.54
Cholesterol, mg/dL 60.78 65.93 91.54 2.337 <0.01 <0.01 0.02
Plasma urea N, mg/dL 12.40" 11.33" 12.23" 0.405 0.03 0.01 0.46
Insulin, ng/mL 6.91 8.32 8.60 1.537 0.48 <0.01 0.64
IGF-1, ng/mL 125.6 1274 127.0 4.63 0.93 <0.01 0.69
Leptin, ng/mL 4.07 4.08 3.90 0.187 0.44 <0.01 0.90

1 . .
Glucose was measured from serum samples instead of plasma.

tent. Starting from wk 4, after the experiment period
began, the plasma concentration of all 3 metabolic
hormones increased (P < 0.05) over the duration of
the study. Plasma leptin concentrations are presented
in Figure 2. As it is an indicator of long-term energy
status, we thought it was important to show how con-
centrations were similar among treatments over the
course of the feeding period.

Puberty

Results of progesterone analysis for determination
of heifer reproductive status are presented in Table 5
and Figure 3. Not all heifers were cyclic by 300 kg of

Treatment : P <0.01

Wk: P<0.01
Treatment x Wk: P <0.02
120 - SEM=4.55
B 100 -
z
Y i
= 80
g 60 -
§ —e— CON
<= 40 -
= -4 [ FDG
© 20 - —&— HFDG
O T T T T T 1
0 4 8 12 16 20 24
Week

Figure 1. Cholesterol concentrations for Holstein heifers fed the
control (CON), a diet containing low-fat dried distillers grains with
solubles (LFDG), and a higher-fat diet containing traditional dried
distillers grains with solubles (HFDG) over 24 wk. SEM = 4.55.

BW or by the end of the study. In turn, for the heifers
fed HFDG, 81% of heifers were cycling before 300 kg,
despite being close in age to heifer fed CON and LFDG
which only had 36 and 27% cycling, respectively. Heif-
ers fed the different treatment diets were close in age at
300 kg, which is supported by the similar growth rates
demonstrated for these heifers (Anderson et al., 2015).
Figure 3 demonstrates in greater detail that more heif-
ers tended to begin cycling at less days of age when fed
the HFDG compared with CON (P = 0.08). No overall
significant effect of treatment was seen when compar-
ing HFDG versus LFDG (P = 0.12) or LEDG versus
CON (P = 0.82).

Treatment : P <0.44

Wk: P<0.01
6 - Treatment x Wk: P <0.90
SEM =0.33
5 -
T4
Eq
g3
'g —e— CON
L 2 -
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0 T T T T T 1
0 4 8 12 16 20 24

Week

Figure 2. Leptin concentrations for Holstein heifers fed the control
(CON), a diet containing low-fat dried distillers grains with solubles
(LFDG), and a higher-fat diet containing traditional dried distillers
grains with solubles (HFDG) over 24 wk. SEM = 0.33.
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Table 5. Qualitative data (binomial analysis) related to onset of puberty based on plasma progesterone (>1
ng/mL) for heifers fed the control (CON), the diet containing low-fat dried distillers grains (LFDG), and the
high-fat diet containing traditional dried distillers grains with solubles (HFDG)

Treatment
Item CON LFDG HFDG P-value
Heifers cycling at <260 d of age, % 18.2 30.0 45.5 0.19
Heifers cycling at <300 kg of BW, % 36.4 27.3 81.8 0.03
Average age at 300 kg of BW 279.2 283.8 286.5 —

DISCUSSION

Based on the differences in dietary FA, more pro-
nounced differences were expected in plasma total FA
concentrations. Thibault et al. (2003) was able to pro-
duce a 3-fold difference in plasma C18:2 by feeding a
high oil diet to prepubertal heifers. However, the diet
from their study did have greater lipid supplementation
with 20% of soybean oil in the concentrate pellet and
ad libitum access to hay compared with the fat content
of HFDG diet in the present study. Additional heifers
were fed at a younger age (06 mo) compared with the
present study. Heifers fed the HFDG diet had increased

90

80 A

70 A

60 -

50 A

40

Cycling, %

30 A

20 A

plasma total FA concentrations and increased concen-
tration of C18:2 (g/100 g of FA) compared with the
heifers fed the lower fat CON and similar concentra-
tions to LEDG diets. This finding partially agreed with
our hypothesis, that increased dietary fat from DDGS
would alter plasma FA concentrations compared with
the CON diet. Biohydrogenation and liver metabolism
could be factors in why smaller differences were noted
among treatments for blood FA composition compared
with what would be expected based on dietary FA
compositions. Linoleic acid (C18:2) is a precursor for
arachidonic acid (C20:4), which is then used to synthe-
sized prostaglandins (Funston, 2004); these were not

—e— CON
= LFDG
—a— HFDG

[ sy A

200 210 220 230 240 250 260 270 280 290 300 310
Age, d

Figure 3. Percent of heifers cycling (pubertal) per treatment by days of age for Holstein heifers fed the control (CON), a diet containing
low-fat dried distillers grains with solubles (LFDG), and a higher-fat diet containing traditional dried distillers grains with solubles (HFDG)

over 24 wk (SE = 0.11).
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measured in the present study but may have played a
role in onset of puberty. Arachidonic acid was greatest
in total amount in plasma in the HFDG-fed heifers.
All heifers were fed on a high plane of nutrition, as
indicated by the high ADG of 0.96 kg/d; therefore, cir-
culating plasma concentrations may have been elevated
in all 3 treatments compared with heifers fed on lower
planes of nutrition.

Results from the metabolites and metabolic hormones
were surprising. Unlike previous studies (Thomas et
al., 1997; Garcia et al., 2003), differences in IGF-1 or
insulin were not found among treatments with different
fat concentrations. The similar plasma concentrations
of IGF-1 and insulin indicate that, in the short term,
heifers were at similar energy and metabolic status
among treatments (Hall et al., 1995). The conclusion
that heifers were at similar metabolic status is further
supported by the fact the BHBA and NEFA were not
different among treatments. Long-term energy status
was also maintained across treatment diets, as indi-
cated by similar plasma leptin concentrations among
treatments (Zieba et al., 2005). These results agree
with previous research in beef (Garcia et al., 2003) and
dairy heifers (Block et al., 2003) that also did not find
increased blood leptin concentrations from increased
dietary fat. For plasma leptin, even though there was
significant week effect on leptin, the increase over time
was numerically small and change was gradual, as dem-
onstrated in Figure 2. Other research has also found
that leptin increases over time in growing dairy heifers
(Block et al., 2003; Chelikani et al., 2009). Metabolite
and hormone results, when supported by growth data
presented in Anderson et al. (2015), demonstrate that
the fat from DDGS performs as well as starch from
corn as a dietary energy source for growing heifers. It
should be noted that the lack of differences in energy
metabolites and hormones among treatments may also
be attributed to that fact, as all heifers were being fed
at a relatively high plan of nutrition.

The most predominant difference in metabolic profile
among treatments was cholesterol. Increased plasma
cholesterol with increased dietary fat has been dem-
onstrated by several other researchers (Talavera et al.,
1985; Thomas et al., 1997; Funston, 2004). Cholesterol
appeared to accumulate in the blood stream and then
level off by the end of the trial (Figure 1). It was not
until wk 8 of feeding that plasma concentrations were
notably different in the HDFG-fed heifers compared
with other treatments. This indicates that it may take
heifers several weeks to respond to differences in di-
etary fat content at levels provided in our study. Also,
results show that, depending on the amount of dietary
fat provided, plasma cholesterol will reach a finite con-
centration and not continue to increase in dairy heif-
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ers with prolonged feeding. In relation to reproductive
development, cholesterol is an important metabolite
because it is a precursor for steroid hormone synthesis.
In particular, progesterone may be more affected by
cholesterol concentration than estradiol because fewer
enzymes and synthesis steps are required to produce
progesterone from cholesterol compared with estradiol
(Talavera et al., 1985). It was beyond the scope of our
study to sample blood at the frequency necessary to
determine estradiol and progesterone concentration
throughout an estrous cycle. However, we do speculate
that differences in age at puberty were most likely a
result of increased arachidonic acid, cholesterol, and
subsequent steroid hormone synthesis.

In hindsight, progesterone samples for puberty should
have been taken over a longer duration or continued to
be taken until heifers reached a heavier BW. However,
because data of this sort is limited, particularly in re-
gard to the effects of specifically feeding distillers grains
to dairy heifers, we felt it was still of value to report
our findings despite small number of observations. The
average age for Holstein heifers to begin estrous cycles
is between 9 to 11 mo (Hoffman, 1997; Serjsen et al.,
2000). In our study, some heifers were cycling before
8.6 mo of age. Others (Zanton and Heinrichs, 2007;
Chelikani et al., 2009) have reported BW close to 300
kg for onset of puberty for Holstein heifers. Therefore,
heifers that were under this BW could also be consid-
ered to have entered precocious or early puberty. When
assessed by age or weight, more heifers fed the HFDG
diet were cycling early compared with heifers fed the
LFDG and CON diets by the end of the sampling pe-
riod. Onset of puberty is also thought to be related to
body fat content (Zieba et al., 2004; Perry, 2012). In
the current study, leptin concentrations, which are an
indicator of body fat deposition, were similar among
treatments. Circulating amount of lipids, including
cholesterol and plasma FA, were greater in the HFDG-
fed heifers compared with LFDG- and CON-fed heif-
ers. This indicates that circulating lipid may have been
more important than the amount of adipose deposition
on puberty. In retrospect, the small number of heifers
on our study, all being fed on a high plane of nutrition,
prevents strong conclusions regarding the effect of diet
on puberty; however, results do indicate that further
research is warranted.

CONCLUSIONS

In agreement with our hypothesis, increasing the
dietary fat with DDGS increased the plasma concen-
trations of FA and cholesterol. Although, based on
analysis of metabolites such as glucose, NEFA, BHBA,
and metabolic hormones including insulin, IGF-I, and
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leptin, energy status of the heifers appeared to be
unaltered, which partially disagrees with our original
hypothesis. Energy status was also maintained across
treatment by limit-feeding but was high across all
treatments, as indicated by the high ADG of 0.96 kg/d.
The increased dietary fat from traditional DDGS,
and consequently increased blood FA and cholesterol
compared with other treatment diets, did appear to
influence onset of puberty. Although, the puberty data
presented is recognized to be very limited in scope and
should be interpreted with caution. It is speculated
that the increase of cholesterol may lead to increases in
steroid hormones, such as progesterone, which may in-
fluence the reproductive development. Further research
iS necessary.
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