
398
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ABSTRACT: This experiment investigated the 
effects of 24-h feed or water deprivation on hay 
intake, metabolic, and inflammatory responses in 
growing beef heifers. Forty Angus × Hereford heif-
ers were ranked by initial BW (275 ± 6 kg) and age 
(278  ±  6 d) and randomly allocated to 20 drylot 
pens (2 heifers/pen). Pens were randomly assigned 
to 1 of 5 squares (4 × 4; 4 pens/square; a total of 8 
animals per square), that were run simultaneously 
with each containing 4 experimental periods of 17 
d each (day −6 to 10). From day −5 to 0 of each 
period, pens were offered alfalfa-grass hay ad libi-
tum + 454 g of dried distillers grains with solubles 
(as-fed basis) per heifer daily. On day 0 of each 
period, pens received 1 of 4 treatments: 1) feed and 
water deprivation for 24 h (FWD), 2) feed depriv-
ation for 24  h, but regular access to water (FD), 
3) water deprivation for 24 h, but regular access to
feed (WD), or 4) regular access to feed and water
(CON). Treatments were concurrently applied from
day 0 to 1. Heifer full BW was collected on day −6
and −5, before (day 0) and after (day 1) treatment
application, and on day 3, 6, 9, and 10 of each
period. Hay DMI was recorded daily from day −5

to 10. Blood samples were collected on day −5, 0, 1, 
3, 6, and 10 of each experimental period. Following 
treatment application on day 1, BW loss was greater, 
and BW was less (P < 0.01) in WD, FWD, and FD 
compared with CON heifers, and similar (P = 0.64) 
among FWD and FD heifers. No treatment effects 
were detected (P ≥ 0.21) for final BW and overall 
ADG. Plasma cortisol concentrations were greater 
(P < 0.01) in FD and FWD vs. WD and CON on 
day 1, whereas FD had greater (P < 0.01) plasma 
cortisol concentration vs. CON, WD, and FWD 
on day 6 and 10. Serum NEFA concentration was 
greater (P < 0.01) in FD and FWD vs. WD and 
CON on day 1, and greater (P < 0.01) in WD vs. 
CON heifers on day 1. No treatment effects were 
detected (P  =  0.53) for plasma haptoglobin con-
centration. Plasma ceruloplasmin concentration 
was greater (P < 0.01) in FD and FWD vs. CON 
on day 1, and greater (P < 0.01) in FD vs. CON 
and WD on day 3 and 6. Collectively, feed or water 
deprivation for 24 h did not impact feed intake and 
BW gain, whereas metabolic results suggest that 
feed deprivation stimulates cortisol, NEFA, and 
ceruloplasmin responses in growing beef heifers.
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INTRODUCTION

Feed and water deprivation is common dur-
ing routine management practices in beef cat-
tle systems such as weaning (Haley et al., 2005), 
transportation (Marques et al., 2012), and feedlot 
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receiving (Loerch and Fluharty, 1999). These man-
agement practices may induce inflammatory and 
acute-phase reactions that often lead to impaired 
cattle productivity and health (Cooke, 2017). For 
instance, feed and water deprivation during long 
transportation periods (>24 h) is a major contribu-
tor to the acute-phase response and reduced per-
formance in receiving cattle (Marques et al., 2012). 
Additionally, fasting stimulates mobilization of 
body nutrients (Cooke et al., 2007) and a neuroen-
docrine stress response (Ward et al., 1992; Henricks 
et  al., 1994), which also elicits acute-phase reac-
tions in cattle (Cooke and Bohnert, 2011; Cooke 
et al., 2012). Feed and water deprivation may also 
disturb the ruminal flora and cause microbial death 
(Meiske et  al., 1958), resulting in the release of 
microbial endotoxins which could trigger the acute-
phase response (Carroll et al., 2009). According to 
Galyean et al. (1981), the ruminal microbial popu-
lation takes 72 h to return to its initial levels after 
feed and water deprivation events. This disrupt 
in the microbial population can decrease ruminal 
fermentative capacity (Cole et  al., 1986) and feed 
intake (Cole and Hutcheson, 1985). Receiving 
cattle, which also experience long periods of feed 
and water deprivation, typically consume 0.5% to 
1.5% of their BW during the first week, 1.5% to 
2.5% of their BW in the second week, with normal 
intake (2.5% to 3.5%) only being reached between 
the second to fourth week after feedlot arrival 
(Hutcheson and Cole, 1986). Water deprivation has 
been shown to have a negative impact on intake and 
BW by decreasing cattle meal size, presumably in 
an attempt to maintain rumen homeostasis during 
extended water withdrawal (Utley et al., 1970; Senn 
et al., 1996; Steiger Burgos et al., 2001).

The majority of research conducted to date 
within this subject, however, has focused on both 
feed and water deprivation, with little known about 
the potential impacts of either feed or water depriv-
ation on feed intake, metabolic, and inflammatory 
responses in beef cattle. Given that, we hypothesized 
that feed or water deprivation would negatively 
impact performance, metabolic, and inflammatory 
responses in growing heifers. Therefore, the objec-
tive of this experiment was to compare the effects of 
24-h feed, water, or feed and water deprivation on 
feed intake, metabolic, and inflammatory responses 
in growing beef heifers.

MATERIALS AND METHODS

This experiment was conducted at the Oregon 
State University – Eastern Oregon Agricultural 

Research Center (Burns station). All animals were 
cared for in accordance with acceptable practices 
and experimental protocols reviewed and approved 
by the Oregon State University, Institutional 
Animal Care and Use Committee (#5016).

Animals and Treatments

Forty Angus × Hereford crossbred heifers, 
weaned 60 d before the beginning of the experi-
ment, were ranked by initial BW (275 ± 6 kg) and 
age (278 ± 6 d) and randomly allocated to 20 drylot 
pens (2 heifers/pen; 7 × 15 m). Pens were randomly 
assigned to 1 of 5 squares (4  ×  4; 4 pens/square; 
a total of 8 animals per square), that were run 
simultaneously with each containing 4 experimen-
tal periods of 17 d each (day −6 to 10). From day 
−5 to 0 of each period, all pens were offered alfal-
fa-grass hay ad libitum + 454 g/heifer daily of dried 
distillers grains with solubles (DDGS; as-fed basis), 
which was offered separately from hay in a different 
section of the same feed bunk. On day 0 of each 
period, pens received 1 of 4 treatments: 1) feed and 
water deprivation for 24 h (FWD), 2) feed depriv-
ation for 24  h, but regular access to water (FD), 
3) water deprivation for 24 h, but regular access to 
feed (WD), or 4) regular access to feed and water 
(CON). Treatments were concurrently applied from 
day 0 to day 1.  Upon completion of treatment 
application (day 1), all pens received the same diet 
offered before treatment application. During treat-
ment application, mean, maximum, and minimum 
average temperatures (°C) across periods were, 
respectively, −1.5, 4.0, and −7.0. Mean, maximum, 
and minimum average humidity (%) across periods 
were, respectively, 83, 99, and 65, whereas no pre-
cipitation was observed.

Sampling

Samples of hay and DDGS were collected 
weekly, pooled across all weeks within each period, 
and analyzed for nutrient profile by a commercial 
laboratory (Dairy One Forage Laboratory, Ithaca, 
NY). All samples were analyzed by wet chemis-
try procedures for concentrations of crude protein 
(method 984.13; AOAC, 2006), acid detergent fiber 
(method 973.18 modified for use in an Ankom 200 
fiber analyzer, Ankom Technology Corp., Fairport, 
NY; AOAC, 2006), and neutral detergent fiber (Van 
Soest et  al., 1991; modified for use in an Ankom 
200 fiber analyzer, Ankom Technology Corp.). 
Calculations for total digestible nutrients used the 
equations proposed by Weiss et al. (1992), whereas 
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NEm and NEg were calculated with the equations 
proposed by the NRC (2000). Hay nutritional pro-
file was (DM basis) 61% TDN, 37% NDF, 28% 
ADF, 1.29 Mcal/kg of NEm, 0.72 Mcal/kg of NEg, 
and 20.8% CP. Nutritional profile for DDGS was 
(DM basis) 84% TDN, 30% NDF, 12.9% ADF, 
2.17 Mcal/kg of NEm, 1.49 Mcal/kg of NEg, and 
33.8% CP. Heifers had free access to mineral mix 
(Cattleman’s Choice; Performix Nutrition Systems, 
Nampa, ID), contained 14% Ca, 10% P, 16% 
NaCl, 1.5% Mg, 3,200 mg/kg of Cu, 65 mg/kg of I, 
900 mg/kg of Mn, 140 mg/kg of Se, 6,000 mg/kg of 
Zn, 136,000 IU/kg of vitamin A, 13,000 IU/kg of 
vitamin D3, and 50 IU/kg of vitamin E.

Individual full BW was collected on day −6 and 
−5, before (day 0) and after (day 1) treatment appli-
cation, and on day 3, 6, 9, and 10 of each period. 
Individual BW collected on day 0 and 1 were 
used to evaluate BW loss associated with treat-
ment administration. Average daily gain (ADG) 
was determined using heifer BW values obtained 
on day −6 and −5 (initial BW) and day 9 and 10 
(final BW) of each experimental period. Dry matter 
intake (DMI) was evaluated daily from day −5 to 
10 from each pen within each period by collecting 
and weighing nonconsumed feed. Heifer BW col-
lected on day −6 and −5 of each period were aver-
aged within pen and used to calculate intake as % 
of BW. Samples of the offered and nonconsumed 
hay were collected daily from each pen and dried 
for 96 h at 50 °C in forced-air ovens for dry matter 
calculation. Hay and total DMI of each pen were 
divided by the number of heifers within each pen 
and expressed as kg per heifer/day. Total BW gain 
and DMI from day −5 to 10 of each period were 
used for heifer G:F calculation.

Blood samples were collected on day −5, 0 
(before treatment application), 1 (immediately at 
the end of treatment application and before full 
access to feed and water), 3, 6, and 10 of each 
experimental period via jugular venipuncture into 
commercial blood collection tubes (Vacutainer, 
10  mL; Becton Dickinson, Franklin Lakes, NJ) 
containing or not freeze-dried sodium heparin for 
plasma and serum collection, respectively. Blood 
samples were collected prior to daily feeding. All 
blood samples were placed immediately on ice, 
centrifuged (2,500 × g for 30 min; 4 °C) for either 
plasma or serum harvest, and stored at −80 °C on 
the same day of collection.

Plasma samples were analyzed for corti-
sol (Immulite 1000; Siemens Medical Solutions 
Diagnostics, Los Angeles, CA), haptoglobin 
(Cooke and Arthington, 2013), and ceruloplasmin 

(Demetriou et  al., 1974) concentrations. Serum 
samples, however, were analyzed for NEFA concen-
tration using a colorimetric kit (HR Series NEFA 
– 2; Wako Pure Chemical Industries Ltd. USA, 
Richmond, VA) with the modifications described 
by Pescara et al. (2010). The intra- and inter- assay 
CV were, respectively, 1.9 and 4.7 for haptoglobin, 
4.1 and 8.6 for ceruloplasmin, and 4.4 and 5.9 for 
NEFA. Plasma cortisol was analyzed within a sin-
gle assay, with an intra-assay CV of 0.9%.

Statistical Analysis

Data were analyzed using the Mixed procedure 
of SAS (SAS Inst. Inc., Cary, NC), with pen as the 
experimental unit and Satterthwaite approxima-
tion to determine the denominator df for the tests 
of fixed effects. The model included fixed effects 
of treatment, day, and the resultant interaction, 
in addition to period and square as independent 
variables. Intake data were analyzed using day −5 
to −2 averaged DMI as an independent covariate 
within each experimental period. Blood variables, 
however, were analyzed using values obtained on 
day −5 and 0 (before treatment application) of each 
experimental period as an independent covariate. 
Data were analyzed using pen and heifer(pen) as 
random variables, whereas for DMI pen was used 
as the random variable. The specified term for all 
repeated statements was day, with pen (treatment 
× period) as subject for DMI and heifer (pen × 
period × treatment) as subject for all other analy-
ses. The covariance structure used was first-order 
autoregressive, which provided the smallest Akaike 
information criterion and hence the best fit for all 
variables analyzed. All results are reported as covar-
iately-adjusted least square means. Significance was 
set at P ≤ 0.05 and tendencies were determined if   
P > 0.05 and ≤ 0.10. Repeated measures are reported 
according to main treatment effect if  the treatment 
× day interaction was P > 0.10.

RESULTS

Performance and Intake Variables

A treatment effect was detected (P < 0.01) for 
BW loss from day 0 to 1, being greater in WD, 
FWD, and FD compared with CON heifers, greater 
(P  <  0.03) in FWD and FD compared with WD 
heifers, and similar (P = 0.64) among FWD and FD 
heifers (Table 1). Consequently, BW after treatment 
application (day 1) was greater (P < 0.01) in CON 
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heifers compared with WD, FWD, and FD, greater 
(P < 0.01) in WD compared with FWD and FD, 
and similar (P = 0.50) among FWD and FD heifers 
(Table 1). On day 3, CON were lighter (P < 0.01) 
compared with WD heifers, whereas BW was simi-
lar (P > 0.12) among CON, FD, and FWD. On day 
6, heifers assigned to FD were lighter (P  <  0.02) 
compared with CON, FWD, and WD. Yet, final 
BW did not differ (P > 0.52) among treatments at 
the end of the experimental period (day 10). No 
treatment effects were detected (P > 0.21) for over-
all ADG and feed efficiency (Table 1).

As expected based on experimental design, hay 
and total DMI were greater (P < 0.01) in CON com-
pared with FWD and FD heifers on day 0 (Fig. 1). 
However, hay and total DMI of WD heifers on day 
0 were also less (P < 0.01) compared with CON, but 
greater (P  <  0.01) compared with FD and FWD 
heifers (Fig. 1). On day 1, feed intake was greater 
(P  <  0.05) in FWD heifers compared with CON 
and WD, greater (P = 0.04) for FD vs. WD, and 
similar (P > 0.22) among FWD vs. FD and CON 
vs. WD. On day 2, feed intake was greater only 
(P = 0.03) in CON compared with FD heifers, and 
remained similar (P > 0.20) across all treatments 
from day 3 to 10.

Blood Variables

Treatment × day interactions were detected 
for plasma cortisol (P  <  0.01), ceruloplasmin 
(P < 0.01), and serum NEFA (P < 0.01). Plasma 
cortisol concentrations were greater (P  <  0.01) in 

FD and FWD compared with CON and WD heif-
ers on day 1, and greater (P < 0.04) in FWD com-
pared with CON and WD heifers on day 3 (Fig. 2). 
Moreover, FD heifers (P < 0.03) had greater corti-
sol concentration compared with CON, FWD, and 
WD heifers on day 6 and 10 (Fig. 2). Serum NEFA 
concentrations were greater (P  <  0.01) in FD, 
FWD, and WD compared with CON heifers on 
day 1, and greater (P < 0.01) in FD and FWD com-
pared with WD on day 1 (Fig. 2). After realimenta-
tion and rehydration, serum NEFA concentrations 
decreased promptly for all nutrient deprived treat-
ments with no differences (P > 0.32) observed 
beginning on day 3 (Fig. 2). Plasma ceruloplasmin 
concentrations were greater (P < 0.05) in FD and 
FWD compared with CON heifers on day 1, and 
similar (P > 0.32) among FD, FWD, and WD treat-
ments on day 1. Heifers assigned to FD also had 
greater (P  <  0.04) plasma ceruloplasmin concen-
tration on day 3 and 6 compared with CON and 
WD heifers, and on day 6 (P < 0.05) compared with 
FWD heifers (Fig.  3). No treatment × day inter-
action was detected (P = 0.53) for plasma hapto-
globin concentration, but day effects were detected 
(P  <  0.01) for this variable which increase for all 
nutrient deprived treatments on day 1 (Fig. 3).

DISCUSSION

Beef cattle are subjected to feed and water 
deprivation during routine management prac-
tices including weaning (Haley et  al., 2005), road 
transport (Marques et al., 2012), and upon arrival 

Table 1. Performance of beef heifers subjected to 1) feed and water deprivation for 24 h (FWD), or 2) feed 
deprivation for 24 h, but regular access to water (FD), or 3) water deprivation for 24 h, but regular access 
to feed (WD), or 4) regular access to feed and water (CON)1

Item CON FD FWD WD SEM P-value

BW2, kg

 Initial 303 303 303 303 1.01 0.96

 Day 0 310 311 311 312 1.01 0.26

 Day 1 315a 292b 293b 297c 1.02 <0.01

 Day 3 312a 314ab 313ab 316b 1.02 0.03

 Day 6 317a 315b 317a 319a 1.01 0.02

 Final 322 323 322 324 1.01 0.52

Body weight loss3, % −1.68a 6.25b 6.00b 5.11c 0.41 <0.01

ADG4, kg 1.25 1.23 1.23 1.36 0.05 0.21

Feed efficiency5, g/kg 145 157 158 162 7 0.34

a–cWithin rows, values with different superscripts differ (P < 0.05).
1Treatments were concurrently applied from day 0 to 1. Upon completion of treatment application (day 1), all pens received the same diet offered 

before treatment application.
2Initial and final body weight was calculated using averaging values from day −6 and −5 and day 9 and 10, respectively.
3Calculated using body weight data from day 0 to 1 follow treatment application.
4Calculated using initial (average day −6 and day −5) and final (average day 9 and day 10) heifer body weight within each experimental period.
5Calculated using total feed intake and body weight gain of each pen within each experimental unit.
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at a feedlot (Hutcheson and Cole, 1986; Loerch 
and Fluharty, 1999). Feed and water deprivation 
events, however, reduce feedlot-receiving perfor-
mance (Marques et al., 2012), stimulate mobiliza-
tion of body nutrients (Zhang et  al., 2013a), and 
elicit an inflammatory response of feeder cat-
tle (Cooke, 2017). For instance, feed and water 
deprivation during long transportation periods is 
a major contributor to the acute-phase response 
and reduced feedlot-receiving performance in beef 
cattle (Marques et al., 2012). Moreover, feeder cat-
tle subjected to feed and water withdrawal often 
experience a BW loss (Phillips et al., 1991; Marques 

et al., 2012) and inconsistent feed intake for 2 wk 
after feed and water deprivation event (Hutcheson 
and Cole, 1986; Zhang et al., 2013b), which in turn 
impact overall productivity of beef cattle. Water 
deprivation only has also a negative impact on cat-
tle feed intake by reducing meal size in an attempt 
to regulate rumen homeostasis (Senn et al., 1996; 
Steiger Burgos et  al., 2001). According to Steiger 
Burgos et al. (2001), dairy cows subjected to water 
restriction had reduced food intake, body weight, 
and meals size during water restriction period. 
However, these authors did not observe any sign 
of a compensatory increase in feed intake, which 

Figure 1. Hay intake (panel A) and total DMI (panel B) of beef heifers subjected to 1) feed and water deprivation for 24 h (FWD), or 2) feed 
deprivation for 24 h, but regular access to water (FD), or 3) water deprivation for 24 h, but regular access to feed (WD), or 4) regular access to feed 
and water (CON). Treatments were concurrently applied from day 0 to day 1. Upon completion of treatment application (day 1), all pens received 
the same diet offered before treatment application. Average of values obtained from day − 5 to −2 were used as an independent covariate within 
each experimental period. Therefore, results reported are covariately-adjusted least square means. A  treatment × day interaction was detected 
(P < 0.01). Within days, letters indicate the following treatment comparisons (P ≤ 0.05): a = CON vs. FD, b = CON vs. FWD, c = CON vs. WD, 
d = FD vs. FWD, e = FD vs. WD, and f = FWD vs. WD.

D
ow

nloaded from
 https://academ

ic.oup.com
/jas/article-abstract/97/1/398/5127793 by O

regon State U
niversity user on 12 April 2019

959



403Nutrient deprivation in beef heifers

returned to baseline levels after 3 to 4 d after water 
restriction event (Steiger Burgos et al., 2001). Yet, 
during the rehydration period, these authors also 
reported a greater and constant BW compared to 
baseline levels in dairy cows subjected to water 
restriction (Steiger Burgos et al., 2001). Senn et al. 
(1996) reported that lactating dairy cows had 
reduced feed intake by decreasing temporarily meal 
size, and a BW loss of approximately 12% after 
48 h of water deprivation.

In the current study, heifers lost approximately 
5.7% of their BW due to deprivation of feed, water 
or both. Phillips et al. (1991) reported similar BW 
loss (6.8%) to the current study after 48 h of feed and 

water deprivation and 60% of the total weight lost 
could be attributed to fecal and urinary excretion. 
Despite the difference in BW loss during treatment 
application herein, it was not sufficient to influence 
heifer BW and intake permanently, which returned 
to expected levels 3 d after nutrient deprivation. 
Accordingly, Phillips et  al. (1991) also reported 
that steers subjected to 48-h feed and water depriv-
ation regained their weight lost within a 4-d period 
after free access to water and feed. Moreover, when 
dairy cows were water restricted for 48 h in Senn 
et al. (1996), the subsequent rehydration allowed an 
immediate restoration of BW. Contrary to the cur-
rent study, Zhang et al. (2013b) demonstrated that 

Figure 2. Plasma cortisol (panel A) and serum NEFA (panel B) concentration of beef heifers subjected to 1) feed and water deprivation for 24 h 
(FWD), or 2) feed deprivation for 24 h, but regular access to water (FD), or 3) water deprivation for 24 h, but regular access to feed (WD), or 4) reg-
ular access to feed and water (CON). Treatments were concurrently applied from day 0 to day 1. Upon completion of treatment application (day 1), 
all pens received the same diet offered before treatment application. Values obtained from day −5 were used as an independent covariate within each 
experimental period. Therefore, results reported are covariately-adjusted least square means. A treatment × day interaction was detected (P < 0.01). 
Within days, letters indicate the following treatment comparisons (P ≤ 0.05): a = CON vs. FD, b = CON vs. FWD, c = CON vs. WD, d = FD vs. 
FWD, e = FD vs. WD, and f = FWD vs. WD.
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heifers restricted to 25% of their feed intake for 5 
d required at least 2 wk to return to expected feed 
intake. The differences between the present study 
and Zhang et al. (2013b) may be explained by the 
fact our heifers were subjected to 24 h of nutrient 
deprivation, whereas calves in Zhang’s study had 
been restricted to 25% of their intake for 5 d. The 
magnitude of the feed and water deprivation event 
is dependent upon the length and level of the restric-
tion as well as the health and physiological status 
of the animal (Zhang et al., 2013a). Nevertheless, 
the mechanisms involved in controlling feed intake 
after a certain period of feed and water deprivation 
is unknown and deserves further investigation.

It is known, however, that feed intake in rumi-
nants is controlled by a multifaceted mechanism 
involving the central nervous, neurochemical mes-
saging, hormonal-cascade signaling, and physical 
responses of the gastrointestinal system (Allen 
et al., 2009; Sartin et al., 2011). However, during a 
feed and water deprivation event, ruminant metab-
olism promotes hunger and alter endocrine, meta-
bolic and reproductive system to facilitate survival 
(Sartin et  al., 2011). Accordingly, others studies 
demonstrated a neuroendocrine response as a result 
of elevated plasma cortisol concentration in cattle 
subjected to feed and water deprivation (Henricks 
et  al., 1994; Marques et  al., 2012). In the current 

Figure 3. Plasma haptoglobin (panel A) and ceruloplasmin (panel B) concentration of beef heifers subjected to 1) feed and water deprivation 
for 24 h (FWD), or 2) feed deprivation for 24 h, but regular access to water (FD), or 3) water deprivation for 24 h, but regular access to feed (WD), 
or 4) regular access to feed and water (CON). Treatments were concurrently applied from day 0 to day 1. Upon completion of treatment appli-
cation (day 1), all pens received the same diet offered before treatment application. Values obtained from day −5 were used as an independent 
covariate within each experimental period. Therefore, results reported are covariately-adjusted least square means. A treatment × day interaction 
was detected (P < 0.01) for ceruloplasmin concentration. Within days, letters indicate the following treatment comparisons (P ≤ 0.05): a = CON vs. 
FD, b = CON vs. FWD, c = CON vs. WD, d = FD vs. FWD, e = FD vs. WD, and f = FWD vs. WD.
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study, FD and FWD treatments induced a greater 
plasma cortisol concentration compared with CON 
and WD after treatment application (day 1), but 
plasma cortisol concentrations remained elevated 
for a longer period in FD compared with CON, 
WD, and FWD heifers. Feed and water deprivation 
also alter the nutritional status of the animal via 
mobilization of body reserves and increase circulat-
ing NEFA concentration in cattle (Henricks et al., 
1994; Marques et  al., 2012). Heifers subjected to 
nutrient deprivation herein also had increased cir-
culating NEFA concentration compared with CON 
whereas NEFA concentration rapidly decreased 
when heifers had free access to water and feed. 
Water availability also appears to control, at least 
partially, feed intake in ruminants (Utley et  al., 
1970; Senn et al., 1996; Steiger Burgos et al., 2001). 
Similarly to the current study, Senn et  al. (1996) 
reported that lactating dairy cows deprived of 
water for 48 h also had reduced feed intake due to 
a decrease in meal size during dehydration period, 
but no compensatory feed intake was observed dur-
ing rehydration period.

Another mechanisms altered by nutrient 
deprivation and elevated circulating cortisol is the 
innate immune system, which in turn induce proin-
flammatory cytokines and acute-phase response 
in cattle (Murata et  al., 2004; Marques et  al., 
2012; Cooke, 2017). Nonetheless, activation of 
this response, including circulating haptoglobin 
and ceruloplasmin, has been negatively associated 
with dry matter intake and ADG in cattle (Araujo 
et  al., 2010). Nutrient deprivation event may also 
disturb the ruminal flora and cause microbial death 
(Meiske et  al., 1958), resulting in the release of 
microbial endotoxins which could trigger an acute-
phase response (Carroll et al., 2009). According to 
Galyean et al. (1981), ruminal microbial concentra-
tion takes 72  h to return to its initial levels after 
feed and water deprivation, which can decrease 
ruminal fermentative capacity (Cole et  al., 1986) 
and cattle intake (Cole and Hutcheson, 1985) after 
a feed and water deprivation event. Heifers utilized 
in this study were experiencing elevated plasma 
haptoglobin (day effect) and ceruloplasmin con-
centration after nutrient deprivation event, but 
plasma ceruloplasmin concentrations remained 
elevated for a longer period in heifers subjected 
to feed deprivation and full access to water (FD) 
for 24 h. This last outcome could be attributed to 
increased circulating cortisol in FD heifers, given 
that cortisol is one of the main results of a neuroen-
docrine response, which also promotes a transitory 
nonspecific immune response (Carroll et al., 2009)  

and also to a ruminal flora imbalance and micro-
bial death that cause release and absorption of 
microbial endotoxin (Meiske et al., 1958) which in 
turn could elicit an acute-phase response (Steiger 
et al. 1999; Carroll et al. 2009; Cooke et al., 2012), 
although ruminal parameters were not evaluated 
herein. The differences detected for blood variables 
herein, however, did not impact heifer performance 
and intake after 24 h of feed or water deprivation 
(Marques et al., 2012; Cooke, 2017).

In summary, our results indicate that feed or 
water deprivation for 24  h did not impact overall 
animal performance and intake, whereas blood var-
iables result suggest that feed deprivation for 24 h 
with regular access to water is the major source 
of a neuroendocrine and acute-phase reaction, 
including elevated circulating cortisol, NEFA, and 
ceruloplasmin concentration in growing beef heif-
ers. Nevertheless, additional research is warranted 
to further elucidate the mechanism involved in 
controlling feed intake after a period of feed and 
water deprivation as well as the neural, hormonal, 
and ruminal responses after a nutrient deprivation 
event in cattle.
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