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Resum

RESUM

El consum de concentrat al voltant del deslletament dels vedells pot ser determinant per
assegurar un correcte desenvolupament de 1’animal 1 no comprometre la seva viabilitat.
Durant aquesta tesis es varen realitzar sis estudis en vedells joves amb I’objectiu de
congixer estratégies per incrementar el consum de concentrat al voltant del deslletament.
En primer lloc, es va realitzar un estudi per desenvolupar un metode per determinar
preferéncies oro-sensorials en vedells deslletats, aquest metode va consistir en registrar
el consum d’un grup minim de 20 animals individualitzats, als quals se’ls oferta una
doble opcid de dos ingredients o concentrats durant un periode de 6 h. Amb aquest
metode es va realitzar el segon estudi, on es van determinar les preferéncies oro-
sensorials entre 8 ingredients utilitzats com a font energetica (arros, blat, blat de moro,
corn gluten feed, civada, melca, ordi i segones de blat) i 6 ingredients proteics (colza,
DDG de blat, corn gluten meal, girasol, pésol i soja) habitualment utilitzats per formular
concentrat. El blat i la soja van ser els ingredients preferits per vedells deslletats, mentre
que el corn gluten feed, I’arros i el corn gluten meal van ser els ingredients menys
preferits a curt termini. En el tercer estudi, es testa I’efecte d’addicionar un edulcorant
amb aroma al lactoremplacant i al concentrat. En aquest estudi s’observa que al
addicionar 1’aroma es pot incrementar el consum de concentrat en aquells vedells que
presenten un baix consum al moment del deslletament. Al quart estudi s’avalua la
capacitat de regulaci6 dels requeriments nutricionals que poden presentar el remugants
en vedells nounats. En aquest estudi un grup de vedells van rebre un concentrat
convencional i es van comparar amb un altre grup als quals se’ls oferta una bateria de
diferents ingredients que composaven el concentrat. Els vedells que tenien accés a la
bateria d’ingredients van descriure un consum total i creixement similar als vedells que
rebien concentrat. Perd en canvi van descriure un major consum de proteina i greix, i un
menor consum de carbohidrats que els que rebien concentrat. Aquestes diferéncies en
consum de nutrients es van deure principalment per la predileccio cap a la soja i la soja
grassa que van mostrar els animals que podien escollir entre diversos ingredients. El
cinque estudi va analitzar el paper de la mida de particula del farratge en vedells
lactants. En aquest estudi es comparaven dos tipus de dietes, composades per un
concentrat convencional al qual se li addicionava un 10% de farratge. Aquestes dues
dietes diferien en la mida de particula del farratge, molturat (2mm) o trinxat (3-4cm). Es

va observar que els animals que rebien el farratge més groller (3-4 cm) incrementaven
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més el seu consum la setmana després del deslletament, millorava la seva digestibilitat
de materia seca, proteina, fibra neutra detergent i1 acid detergent, i també reduia la
realitzaci6 de conductes orals no-nutritives. Es va realitzar un sis¢ estudi on es va
avaluar el paper que tenen els opioides en la regulacid6 de la ingesta mitjangant
I’estimulacid o inhibici6 del plaer. En aquest estudi es va provar 1’efecte de la naloxona,
un antagonista opioide, sobre 1’eleccid de concentrats preferibles en vedells deslletats, i
les seves possibles interaccions amb altres metabolits relacionats amb la regulaci6 de la
ingesta. Es va observar que en animals saciats la naloxona podria reduir el consum,
indicant que els opioides intervenen en la regulaci6 de la ingesta total, pero a més es va
observar redueix la preferéncia per concentrats amb edulcorants, que préviament
s’havien observat altament preferibles. Pel que fa als metabolits analitzats només es va
observar una interaccio entre la naloxona i els nivells de glucagon-like peptide-1.
Resumint, els vedells lactants van mostrar preferéncia pels edulcorants al voltant del
deslletament, tant a curt termini com a llarg termini. La soja va ser un ingredient
d’eleccio, mentre que la civada no va ser desitjada, tant a curt termini com a llarg
termini. El fet d’addicionar un mateix aroma amb edulcorant al concentrat com a la llet
va incrementar el consum d’aquells animals que presentaven un consum baix
previament al deslletament. La mida de particula del farratge va condicionar el
creixement, consum, digestibilitat 1 comportament dels vedells al voltant del
deslletament. Finalment, es va observar que els opioides juguen un paper important en

la regulaci6 de la ingesta mitjangant 1’hedonisme o el plaer.
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Summary

SUMMARY

The concentrate intake around weaning can be crucial to ensure proper animal
development of the animal and not compromise their viability. In this thesis, six studies
in young calves were performed in order to find strategies to increase concentrate intake
around weaning. The first study was conducted to develop a method to determine oro-
sensory preferences in weaned calves. This method consist on measure the solid feed
consumption of a minimum group of 20 calves, which recieve two options of
concentrates or ingredients during a period of 6 h. Using this method, the second study
was performed, where the oro-sensory preferences between 8 energetic ingredients
(rice, wheat, corn, corn gluten feed, oats, sorghum, barley and second wheat) and 6
protein ingredients (canola, corn DDG, corn gluten meal, sunflower, soybean and pea)
were determined. Wheat and soybean meal were the favorite ingredients for weaned
calves, while the corn gluten feed, rice and corn gluten meal ingredients were less
preferred in this short term study. The third study was conducted to evaluate the effect
of flavoring a starter concentrate in a same manner as a milk replacer on intake and
performance of young calves. This study claims, that offering a starter concentrate
flavored as the milk replacer enhances solid feed consumption of those calves that have
a low intake around weaning. The fourth study evaluated the ability of calves to meet
their nutrient requirements when different ingredients were offered indepently in
newborn calves. In this study a group of calves received a conventional concentrate
whereas another group received a battery of different ingredients. The calves that had
access to the free-choice of ingredients described a similar total consumption and
growth compared to calves that received concentrate. However, calves that had access
to all ingredients described a higher consumption of protein and fat, and lower
consumption of carbohydrates that those receiving concentrate. These differences in
nutrient intake were mainly due to the preference toward soybean meal and soybean full
fat described by the animals that had access to all ingredients. The fifth study analyzed
the role of particle size of forage in lactating cattle. This study compared two diets,
composed of a conventional concentrate with a 10% of forage added. These two diets
were different in the particle size of forage, ground (2 mm) or choped (3-4cm). It was
observed that animals receiving chopped forage (3-4 cm) increased solid feed
consumption the week after weaning, improved the apparent digestibility of dry matter,

crude protein, neutral detergent fibre and acid detergent fibre, and reduce undesired
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behaviors, such as non-nutritive oral behaviors. The sixth study was conducted to
evaluate the role of opioids in the regulation of food intake by stimulation or inhibition
of pleasure. This study tested the effect of naloxone, an opioid antagonist, on preferred
concentrates consumption in weaned calves, and their possible interactions with other
metabolites related to the regulation of food intake. It was observed that satiated animals
treated with naloxone reduced solid feed consumption, indicating that opioids are
involved in the regulation of total intake. Furthermore, calves treated with naloxone
reduced their preference for concentrate with sweetener, which had been previously
observed as a preferred concentrate. Regarding the analyzed metabolites, GLP-1 was
influences by naloxone administration. In summary, calves showed preference for
sweeteners around weaning, either in short term or long term assays. Soybean meal was
a preferred ingredient, while oats was not desired, both in short term and long term.
Adding a sweetener with the same aroma in concentrate and in milk replacer increased
consumption of animals that had a low intake prior to weaning. The particle size of
forage influenced the growth, consumption, digestibility and performance of calves
around weaning. Finally, we observed that opioids play an important role in the

regulation of food intake by hedonism or pleasure.
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Abbreviations used

ABBREVIATIONS USED
AA: Amino acid
ADF: acid detergent fibre
ADG: average daily gain
AOAC: Association of official analytical chemists
BW: body weight
CCK: cholecystokinin
CI: conversion index
CP: crude protein
DDG: distillers dried grains
DM: dry matter
DMI: dry matter intake
EE: ether extract
GLP-1: glucagon like peptide-1
ME: metabolize energy
MR: milk replacer
NDF: neutral detergent fibre
NNOB: non-nutritive oral behavior
NRC: National Research Council
SE: standard error
TMR: total mixed ration
USDA: United States Department of Agriculture

VFA: volatile fatty acids
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Literature review

Introduction

In artificial rearing of calves, the period around weaning is critical to the calf for
completing the transition from a preruminant animal to a functioning ruminant. This
transition from liquid feed (milk or MR) to solid feed (grains and forage) is key to
minimize mortality and morbidity losses related to diseases (Curtis et al., 1988;
Svensson et al., 2003) and increase daily weights (Drackley, 2008). Research during the
last decade has shown that feeding calves with high amounts of MR enhances growth
rates and improves feed efficiency (Diaz et al., 2001; Jasper and Weary, 2002; Brown et
al., 2005). Nevertheless, increased milk intake decreases intake of solid feed, and this
lag in the initiation of solid feed intake could delay rumen development and retard
growth at weaning (Jasper and Weary, 2002). Solid feed intake stimulates rumen
microbial proliferation and VFA production, and thus initiates rumen development

(Suarez et al., 2006).

This review will cover different aspects that influence performance and solid feed
intake of calves around weaning, and propose strategies that may improve solid feed

consumption of calves around weaning period.

1.1. Weaning

Weaning is the time when milk or MR is removed form the diet of a calf forcing the
transition into solid feed as sole source of nutrients. The process of transitioning calves
from their neonatal reliance on nutrients supplied from milk to nutrients supplied from
solid feed (cereal grains and hay) is of substantial economic importance to the producer.
Furthermore, labor is greatly reduced when calves are fed starter rations when compared
to feeding milk or MR (NRC, 2001). For this reason, decreasing weaning age is an
economic strategy to reduce costs. But calves at this age are most at risk for diarrhea
(Svensson et al., 2003; Lundborg et al., 2005) and it is necessary to stimulate early solid
feed intake to ensure an early reticulorumen development without compromising animal
health. Moreover, regrouping of calves from different locations, as it is routinely done
when buying calves for fattening, poses and especially great risk for these young

animals, which do not yet have a complete functional immune system (Radostits, 2001).
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1.1.1. Changes around weaning

The change from a liquid to a solid diet induces some changes in the gastro-intestinal
tract, mainly in the rumen. The transition from “pseudo-monogastric” digestion of MR
or milk to ruminant digestion of solid feed is a delicate process for the young calf, and
mechanisms controlling ruminal differentiation are not entirely understood (Baldwin et
al., 2004). In addition to a change of diet, calves are often regrouped and have to adjust

to a new social environment.

1.1.1.1. Changes induced by diet

Digestive tract of neonatal calf undergoes an important change during the first weeks of
age. At birth reticulo-rumen, omasum, and abomasum represent about 38, 13, and 49 %
of stomach compartments, but at 12-14 weeks of age these stomach compartments
represent 67, 18, and 15 %, respectively (Warner and Flatt, 1965). Rumen development
is known to be greatly affected by diet (Tamate, et al., 1962). In contrast the abomasum
is not affected greatly by diet and its growth is roughly proportional to the body proper
(Stobo et al., 1966; Huber, 1969). Furthermore, another unique feature of the pre-
ruminant digestive system is the esophageal groove. The esophageal groove leads from
the base of esophagus (cardia) to the reticulo-omasal orifice (Qrskov et al., 1970;
Orskov, 1972). Contraction of muscles in this fold of tissues forms a tube through
which milk and other liquids pass directly to the abomasum with little or no spillage
into the reticulo-rumen. As solid feed consumption increases, the spillage of MR or

milk into the reticulo-rumen also increases.

Solid feed consumption has an important role on rumen development. In the pre-
weaned dairy calf, solid feed intake, especially high carbohydrate diets, stimulates
rumen microbial proliferation and VFA production, and subsequently stimulates
papillaec development (Sander et al., 1959; Warner, 1991). On the other hand, forage
intake stimulates rumen muscular layer, but not rumen papillae development (Tamate et
al., 1962). Rumen microbial development also occurs early in life. During the first 3
weeks of life total anaerobic bacteria counts increase and remain fairly constant until 12
weeks of age (Anderson et al., 1987b; Beharka et al., 1998). However, the type of
microbial population changes according to calf age. Early supply of moderate

fermentable dry feed is necessary for the timely establishment of amylolytic, fibrolytic,
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and proteolytic capacities of the reticulo-rumen (Sander et al., 1959; Maiga et al., 1994;
Van Soest, 1994). Amylolytic, proteolytic, cellulolytic and methanogenic bacteria
increase linearly in early ages (Anderson et al., 1987b; Beharka et al., 1998), at the
expense of lactate-utilizing and coliform bacteria that reduce their presence gradually
during the first weeks of age (Anderson et al., 1987b; Agarwal et al., 2002).
Furthermore, the physical form of the diet can influence ruminal microbiota, ground
diets stimulated the presence of amylolytic and reduced the amount of cellulolytic

bacteria compared with feeding unground diets (Beharka et al., 1998).

1.1.1.2. Changes induced by regrouping animals

The new social environment could affect young calves, specially the low-ranking
animals. Reduced access to feed in the postweaning period, due to competition, may
increase distress associated with weaning and may represent a welfare problem for low-
ranking animals. Recent studies on social behavior and competition in groups of newly
weaned calves have been carried out in age-homogeneous groups. In this situation,
aggression is rare and calves mainly engage in non-agonistic social interaction with
their pen mates (Faerevik et al., 2007). However, low-ranking animals are found to be
displaced from limited resources such as feed and attractive resting places (Faerevik et
al., 2007, 2008). In practice, age differences within groups of calves may be larger than
in aforementioned studies, and other studies illustrate that age heterogeneity may
increase competition within groups. For instance, Hindhede et al. (1999) found that
lightweight heifers had fewer lying periods and performed more abnormal oral behavior
that did heavy heifers in weight-heterogeneous groups. Recently, Faerevik et al. (2010)
reported that age-heterogeneity leads to increase displacement from the manger and
reduce weight gain, and housing calves in age-heterogeneous groups may reduce

performance of young calves.

1.1.2. Milk feeding and weaning methods

Weaning is conditioned by the preweaning feeding plan. Conventional feeding
provides a limited supply of milk (typically 10 % of BW/d) to calves with the aim of
encouraging starter intake and promoting early rumen development and weaning.
However, recent studies (Jasper and Weary, 2002; Rincker et al., 2006; Khan et al.,

2007a) show benefits of feeding calves larger amounts of milk than the traditional 10 to
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12 % of BW/d, such as increasing growth, improved mammary development,
accelerated age at first calving and increased milk production during the first lactation.
However, there is evidence that calves suffer from hunger with a restrictive diet (De
Paula Vieira et al., 2008; Borderas et al., 2009). However, under field conditions, most
calves are fed insufficient amounts of milk. A Canadian survey (Vasseur et al., 2010)
reported that the feeding plan used in the surveyed herds was a median of 4 L of milk or
MR per day given in 2 meals during the first week, 5.5 L in 2 meals between the first
and the last week before weaning, and 3 L in 2 meals during the last week of milk
feeding. Similarly, Pettersson et al. (2001) reported that on Swedish herds, calves

generally received 5 L per day in 2 meals during the pre-weaning period.

1.1.2.1. Milk feeding

Some studies show advantages of whole milk as compared with MR: lower mortality
and morbidity (Godden et al., 2005), higher energy content, and better balance of
nutrients (Davis and Drackley, 1998). Also, a variety of hormones and growth factors in
milk are not incorporated into MR. Nevertheless, Davis and Drackley (1998) reported
similar growth rates of calves fed whole milk compared to calves fed with MR, with the
benefit of lower cost per unit gain. In the US (USDA, 2007) 69 % of dairy calves are
fed MR during the pre-weaning period.

There are different kinds of MR used to feed calves. The main differences among them
are the protein and the lipid sources. There are two main protein sources: milk (dried
skim milk, whey protein concentrate, dried whey, and sodium caseinate) or vegetable
(soy protein, wheat protein, and potato protein). There are other alternative sources of
protein, such as liquid or spray-dried whole egg. Identifying a high-quality and low-cost
protein source has been challenging. Several authors (Scott et al., 1999; Catherman,
2002; Quigley, 2002) replaced milk protein for spray-dried whole egg as a MR protein
source, and reported that BW gains of calves fed with MR containing spray-dried whole
egg were less than that of calves fed an all milk protein replacer. Moreover, soy protein
preparations are commonly incorporated in MR, and it has been reported (Nitsan et al.,
1971; Lalles et al., 1995; Xu et al., 1997) that growth performance of calves fed a MR
containing soy protein is inferior to calves fed milk proteins. Regarding the fat content,
as a consequence of the high cost of milk fat its use on MR formulation is scarce.

Animal fat, such as tallow or lard, and vegetable oils, such as coconut or palm oil, are
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commonly used as lipid MR source. Similar results have been found in calf
performance and fat digestibility when using coconut and palm oil instead of tallow

(Jenkins et al., 1985; Huuskonen et al., 2005) as lipid MR source.

Much research has been conducted evaluating effects of varying MR protein and
energy content (Jaster et al., 1992; Tikofsky et al., 2001; Blome et al., 2003; Bartlett et
al., 2006; Bascom et al., 2007). The MR protein content varies form 18 to 28 %. The
content of protein for MR manufactured with alternative proteins should be greater than
in all-milk protein MR, to compensate the lower protein digestibility in alternatives
protein MR (Davis and Drackley, 1998) than in milk proteins MR. Referring to energy
content, carbohydrate is a more readily available form of energy than fat for lean tissue
growth (Donnelly, 1983; Tikofsky et al., 2001). Increased lean gain has been observed
with increased MR protein content when energy was not limiting, and increased fat gain
has been reported when protein was limiting (Tikofsky et al., 2001; Blome et al., 2003;
Bartlett et al., 2006). Blome et al. (2003) fed Holstein heifers MR with 16.1, 18.5, 22.9,
or 25.8 % CP and measured linear increases in BW gain, gain:feed ratio, absorbed N,
and retained N. All these studies have claimed that the balance among protein and
energy received with MR has to be determined to optimize the efficiency of protein
utilization and avoid excess of fat deposition. The NRC (2001) recommendations for CP
content vary in function of BW in young calves. When calves were fed only with milk
or MR, to achieve the maximum growth for 25 kg calves is recommended a 28.8% of
CP content, whereas for calves of 50 kg of BW it is recommended 23.7% of CP.
However, when calves fed starter and milk or MR this range of CP recommendation is
between 25.1 and 23.7 % CP in function of BW (30 kg or 50 kg respectively).
Furthermore, NRC recommendations for the protein to energy ratio (g of CP/ Mcal of
ME) vary in function of BW and if calves receive starter or nor. To achieve the
maximum growth calves fed only with milk or MR need 60 g of CP/Mcal of ME for
calves of 25 kg, but calves of 50kg need 50 g of CP/Mcal of ME. However, when calves
fed milk or MR with starter the range of protein to energy ratio is among 60 to 57 g of
CP/Mcal of ME in function of BW (30 kg or 50 kg respectively).
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1.1.2.2. Weaning method

All changes around weaning are conditioned by the weaning method, because amount
of milk or MR, the quality of this milk or MR and the age of animal at weaning
influence calves development. Data from one study of management practices of pre-
weaned calves in the US set by the Center for Animal Health Monitoring (1993)
indicated three primary methods of weaning calves: weaning according to BW, age, or
when intake reached a predetermined amount of dry feed intake. When age was used as
a criterion for weaning, 32.9 % of producers weaned calves at 8 wk of age, although
some (2.3 %) weaned calves as early as 3 wk, and others (14.2 %) delayed weaning for
12 wk. Similarly to the majority of producers in the previous study, National Dairy
Herd Evaluation Project in US (Heinrichs et al., 1995) reported an average age at
weaning of 7.9 weeks. A typical recommendation is to wean large breed calves when
intake of calf starter reached 700 to 1000 g/d for 3 consecutive d (Morril, 1992). In a
survey performed in Sweden (Pettersson et al., 2001), the average age at weaning was 8
weeks. In this study, 46 % of the herds were weaned using calf age as weaning criterion,
18 % of the herds the concentrate consumption (the average consumption at weaning
was 1 kg), 7 % of the herds used calf BW as criterion (the average weight at weaning
was 70 kg), and 29 % of the herds used combinations of these alternatives to determine
the appropriate weaning time. Recently, Vasseur et al. (2010) reported a survey
performed in Quebec (Canada) where age was used by 66.7 % of farms as the main
criteria for weaning, whereas concentrate intake was used by 43.9 %. The median age at
weaning was 7 weeks, the median BW was 82 kg, and the median concentrate intake
was 2 kg. The average age at weaning is higher in the United States, at 8.2 weeks

(USDA, 2008).

Despite the fact that weaning in function of age reduces aggression or undesirable
social interactions (Faerevik et al., 2007), solid feed intake is key to minimize morbidity
losses related to diseases, and increase daily weight gains (Drackley, 2008). Greenwood
et al. (1997a) reported that using dry feed intake at 1 % of birth weight as a weaning
criterion reduced days to weaning, increased dry feed intake from birth to 8 wk,
decreased variation in weaning age, and had no apparent negative effect on growth at 20
weeks of age compared to calves weaned with starter intake of 1.5 % or 2 % of birth

weight. Greenwood et al. (1997a) weaned calves at 31.7, 42.9, and 45.2 days of age
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with starter intake of 1, 1.5, and 2 % of birth weight. Similarly, several authors
(Anderson et al., 1987a; Klein et al., 1987) described that early-weaned calves had a
higher feed intake than conventional weaned calves. Although removal of liquid diet is
the major stimulus for dry feed consumption (Appleman and Owen, 1975), higher
intake of starter before weaning helps to ensure intake and sustain a desirable growth

rate after weaning (Kertz et al., 1979).

1.1.3. Solid feed intake around weaning

The intake of solid feed is vital to the calf for making the transition from preruminant
to a functional ruminant animal. The solid feed intake around weaning can be affected
by the milk feeding received during the preweaning period, the weaning method, and

the solid diet characteristics.

1.1.3.1. Effects of Milk feeding and weaning methods on solid feed intake

Preweaning feeding plan and weaning method influence solid feed intake at weaning.
Calves start consuming measurable amounts of solid feed at about 14 d of age (Khan et
al., 2008). Around weaning, solid feed intake increases when milk or MR are reduced
(Khan et al., 2007 a,b) or milk is withdrawn (Jasper and Weary, 2002). Several authors
(Kertz et al., 1979; Terré et al., 2007; Raeth-Knight et al., 2009) described an inverse
relationship between MR and solid feed intake. It has been reported (Jasper and Weary,
2002; Cowles et al., 2006; Raeth-Knight et al., 2009) that calves fed following the
conventional feeding program with a limited supply of milk or MR (typically 10 % of
BW) consumed almost twice as much starter as calves fed with higher amounts of milk
or MR in the weeks before weaning. Conventional feeding program is performed with
the aim of encouraging starter concentrate intake and promoting early rumen
development and weaning. These calves fed limited amounts of milk showed more
behavior indicatives of chronic hunger (Thomas et al., 2001; Jensen and Holm, 2003;
De Paula Vieira et al., 2008). On the other hand, calves fed with higher amounts of milk
reduced solid feed intake because these calves likely felt less hungry, as a consequence
of increased satiety associated to the chemical (higher blood glucose and insulin) and
mechanical factors (continuous gut-filling because of curd formation). Nevertheless,
when calves were fed with unlimited amounts of milk or MR started to chew solid food

about 2 wk of age (Forbes, 1971). Diaz et al., (2001) reported that calves consumed
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bedding material in the absence of solid feed, suggesting a growing hunger for solids as

age of calves.

1.1.3.2. Solid feed characteristics before weaning

The solid feed offered before weaning also has an effect on solid feed intake after
weaning. The particle size, nutrient composition and forage supplement (if any) could
influence on rumen development and consequently on solid feed intake. The physical
form of diet influences solid feed intake. It has been reported that pelleted starter
reduces starter feed intake compared to texturized or mash starters (Franklin et al.,
2003). Similar performance and starter intake were reported when calves were fed with
texturized, coarse or ground starters, and ground or pelleted starters (Franklin et al.,
2003; Coverdale et al., 2004). Bach et al. (2007) compared pelleted starter to
multiparticle starter and it was observed that the efficiency was increased with pelleted
starter, because calves reduced dry feed intake of pelleted starters compared to
multiparticle starter, but calves had a similar growth. Ration particle size influences
ruminal environment, VFA production, and papillae structure and function. Diets that
are chopped or ground to fine particle size decrease rumen pH and cellulolytic bacteria
populations (Beharka et al., 1998). Furthermore, ruminal papillae of animals receiving
small forage particles have increased keratinization (McGavin and Morrill, 1976). This
decrease in active tissue results in decreased VFA absorption (Hinders and Owen, 1965;
Nocek et al., 1980; Greenwood et al., 1997b). This fact could induce post-ingestive
negative effects reducing consumption in a long-term. Providing chopped diets or
forage increases chewing activity, and consequently increases ruminal pH, and helps to
maintain the integrity and healthiness of the rumen wall (Krause et al., 2002; Yansari et

al., 2004).

The nutrient composition of starter concentrates influences digestibility, rumen
development, and animal growth; consequently influences future solid feed
consumption. The levels of CP during the firsts weeks of age are crucial to optimize
growth. The NRC recommendations (2001) for protein content in calf starter are about
18 %. But calf starter intake and acceptance to dry feeds is highly variable early in life
(Jenny et al., 1991; Kertz and Chester-Jones, 2004), and it is difficult to specify which
level of CP is more appropriate, because it is the amount of CP ingested (determined in

part by the level of DM intake) and not the CP content per se, what determines growth.
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Limited content of CP could induce an excessive accumulation of body fat, whereas an
excessive CP content is expensive and inefficient. Furthermore, excessive nitrogen to
energy ratios could cause ammonia toxicity and decrease solid feed consumption
(Lobley and Milano, 1997). On the other hand, other components such as fiber could
also affect solid feed intake. Previous studies (Porter et al., 2007; Zanton and Heinrichs,
2009) reported that high-fiber diets and high DMI (Zanton and Heinrichs, 2008)
compromise diet digestibility. Porter et al. (2007) reported that DM digestibility in
animals fed high-fiber diets (27% NDF) was lower than calves offered low-fiber diets
(20% NDF). Therefore, nutrient composition of starter concentrates must be balanced to

avoid inefficient use of protein, excess of fat deposition, and lower digestibility.

Introducing forage during the milk feeding is a controversial issue. It has been
discouraged because forage was thought to displace concentrate intake and shift rumen
fermentation in favor of acetate rather than butyrate production, delaying rumen papillae
development (Tamate et al., 1962; Zintan et al., 1998). But recently, it has been reported
that introducing forage during the milk feeding period improves ADG, total DM intake
(Castells et al., 2012) and feed efficiency (Coverdale et al., 2004).

After weaning, voluntary feed intake in calves depends on calves’ digestive capacity
(rumen volume, feed fermentation patterns, absorption and metabolic activities of
rumen epithelium, rumen motility and digesta flow), physio-chemical attributes of solid
feed (carbohydrate nature, feed processing; protein level and quality; feed particle size
and length) and changes in post-absorptive metabolites (Lesmeister and Heinrichs,
2004; Khan et al., 2007a, 2008; Porter et al., 2007). Feeding larger amounts of milk
before weaning may delay physical and metabolic rumen development depressing solid
feed consumption around weaning (Hill et al., 2010; Sweeney et al., 2010). For this
reason it seems necessary to encourage solid feed consumption during the preweaning

period without compromise calf’s viability.
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1.2. Feed intake regulation

As described in the previous section, solid feed intake is required to ensure rumen
development. Solid diet plays an important role around weaning, because calf’s
digestive system is not completely mature and is developing rapidly with regard to
digestive secretions and enzymatic activity (Toullec and Guilloteau, 1989; Davis and
Drackley, 1998). To ensure an adequate rumen development nutrient composition is
crucial, because starter concentrate composition could contain excess of nutrients,
nutrient imbalances, and toxins that could adversely influence future consumption,
digestibility, and consequently feed efficiency. The ingredients used to achieve these
nutrient requirements are also crucial, because aspects such as digestibility, nutrient

availability, and potential toxins of each ingredient have to be considered.

The regulation of feed intake is mediated by complex interactions between animal and
feed characteristics, including large variety of factors, such as feed availability and
quality, circulating concentrations of hormones and metabolites, as well as physical
responses of the gastrointestinal system, all integrated by central nervous system to

yield the final physical act of eating.

1.2.1. Sources of nutrients

Ingredients with high content on carbohydrates are the main source of energy. Cereal
grains are the primary source of carbohydrates in ruminant diets. Corn, rice, barley,
wheat, oat and sorghum are commonly used as carbohydrates sources in animal feeds
(Huntington, 1997). The selection of one of these ingredients to formulate solid feed is
not always following nutrient or digestive parameters. In most of the United States corn
is the least expensive grain, consequently is commonly used in calves starter. Oats are
also a commonly used ingredient in calves’ starter because of bulkiness and because it
is thought that oats increase palatability. But, other aspects should be considered in this
election. Nutrient digestibility and grain availability to microbes are affected by the
physical form of starch and the cellular integrity of starch-containing units. Small grains
(wheat, barley, or oats) are more rapidly fermented than corn and sorghum (Huntington,
1997) because the distribution of starch granules within the kernel varies with cereal
type (Kotarski et al., 1992; Swan et al., 2006). The ratio of amylose:amylopectin also

varies in cereal grains and was negatively correlated with starch digestion (Svihus et al.,
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2005). Differences in starch granule size, granule shape (lenticular, polyhedric, or
spherical), and interactions between amylose and surface compounds such as fatty acids
and protein could alter the rate of enzymatic digestion of corn, barley, oat, and wheat
starch (Nocek and Tamminga, 1991; Kotarski et al., 1992; Svihus et al., 2005). Khan et
al. (2007¢) reported than an equal amount of starch supplied by corn supports more
ADG in calves than starch from oats, barley, or wheat, when these ingredients were
offered finely ground with free-choice hay. However, Hill et al. (2008) reported that
replacing corn in a calf starter with whole oats did not reduce ADG and appeared to be

an acceptance substitute.

Apart of cereal grains, other ingredients are also used as carbohydrates source, for
example cane molasses. Molasses are high in sugar (sucrose, a ruminally fermented
carbohydrate; NRC, 2001), are perceived to be to a palatability enhancer, and it are used
to reduce the appearance of fine particles in calf starters (Morales et al., 1989).
However, a high concentration of molasses (12 vs. 6 %) has been shown to decrease
starter intake, may have possibly palatability problems, reduce ADG and increase the
incidence of scouring in calves (Lesmeister and Heinrichs, 2005). The NRC (2001)
recommended that the starter should be relatively high in readily fermentable
carbohydrates but adequate in digestible fiber to support the fermentation necessary for
proper ruminal tissue growth (Brownlee, 1956; Flatt et al., 1958; Greenwood et al.,
1997b). The source of fiber also influences solid feed intake. Recently, Castells et al.
(2012) reported that providing chopped oat hay, chopped barley straw, or triticale silage
ad libitum with concentrate starter improves solid feed consumption and ADG
compared to forage-deprived calves. However, these benefits were not observed when

chopped alfalfa hay was offered.

The levels of CP during the firsts weeks of age are important to optimize growth. The
most common protein source used in calf starter is soybean meal. Other plants such as
rapeseed meal and sunflower meal are also used. In addition, other products like
distillers grains could be used as a protein source. The source of protein used to achieve
the appropriate level of CP could differ on the amount of digestible protein from rumen
microbes, rumen undegradable protein or amino acid (AA) profile. Furthermore,
digestibility could also influence the protein content of diet. It has been reported that

inclusion of 20 % rapeseed meal in calf starters for rearing male calves in substitution

13



Literature review

for soybean meal decreased organic matter digestibility (Fiems et al., 1985).
Prestlokken and Rise (2003) observed that AA digestibility varies among feedstuffs.
Recently, Mjoun et al. (2010) reported that distillers grains products were more resistant
to ruminal degradation compared with soybean products. Consequently, more protein
escaped the rumen as rumen undegradable protein in dried distiller grains sources.
However, intestinal digestibility of Lys was higher in soybean products (97.3 %)
compared with distillers grains (84.6 %).

In the artificial rearing of dairy calves, the same feeding plan is applied to all animals
during the milk-feeding period, with individual differences attributable to development
or health status rarely considered. After weaning, calves are usually grouped and all
animals receive the same concentrate, despite animals could be different on BW or age.
The diets applied during the first weeks of age are usually based on the NRC (2001)
recommendations. These diets usually are composed with high level of CP balanced
with an adequate level of energy to achieve the optimum growth in function of weight.
These nutrients requirements are based on the “average” response of a group of animals
in a treatment. However, each animal may have different individual feed preferences,
nutrient tolerances (Provenza et al., 1996; Villalba and Provenza, 1996; Scott and
Provenza, 1999) and nutrient needs (Provenza et al., 2003). Differences among
individuals occur because each animal has particular differences in morphology and
physiology, which are influenced by their experiences beginning in uterus (Provenza et
al., 2003). Without the ability to choose, individuals may be forced either to over- or
under-consume particular nutrients. If a nutrient in a pellet or a mixed ration does not
set a limit on intake, individuals may over-consume that nutrient in the process of
meeting needs for other nutrients. Conversely, if a nutrient limits intake of the mixed
ration, individuals may not meet needs for other nutrients. Consequently, animals could
use nutrients inefficiently. Offering the possibility to choose among different
ingredients, ruminants have demonstrated the capability to select a diet balanced for
macronutrients in response to their needs (Kyriazakis and Oldham, 1997; Villalba and
Provenza, 1999; Scott and Provenza, 2000), and in some animals reaching their
nutritional needs more accurately than feeding animals in a non-selecting feeding

system (Provenza, 1996; Early and Provenza, 1998).
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1.2.2. Mechanisms controlling feed intake in ruminants

Appetite control is a complex process that results from the interaction of multiple
factors, such as quality of feed, circulating hormones, and physical response of the

gastrointestinal system. All of these factors are integrated in the central nervous system.

The hypothalamus integrates various signals, resulting in activation of feeding or
inhibition of feeding responses. Electrical stimulation of ventromedial nucleus of sheep
and goats produced a satiety response, whereas stimulation of lateral hypothalamic area
in satiated sheep and goats increase feeding (Baile and Forbes, 1974). In addition,
feeding in sheep increased neurons activation of the supraoptic nucleus, whereas fasting
increased neurons activation of paraventricular nucleus and dorsomedial nucleus
(Chaillou et al., 2000). The arcuate nucleus, located at the base of the hypothalamus, is
the major location for the processing of these appetite regulatory signals (Sartin et al.,
2010). In addition to the hypothalamus, the brain stem contains pathways that are
thought to control satiety or meal termination, such as the nucleus tractus solitarius. The
hypothalamus and nucleus tractus solitarius act in concert to integrate signals leading to

increased or decreased feed intake (Allen et al., 2009).

Neuropeptide Y has been demonstrated to be a potent appetite-stimulating
neurotransmitter whose site of synthesis is localized to the arcuate nucleus in cattle
(Bahar and Sweeney, 2008). The neuropeptide Y gen expression increases after short-
term fasting or longer-term undernutition (Henry et al., 2000; Polkowska and Gladysz,
2001; Adam et al., 2002; Archer et al., 2002). It seems that neuropeptide Y is strongly
coordinated with energy balance of the animal. Other orexigenic neurotransmitter is the
agouti-related protein, which is localized in neuron cell bodies at arcuate nucleus, co-
localized with neuropeptide Y neurons (Henry et al., 2001; Adam et al., 2002; Archer et
al., 2002; Wagner et al., 2004). Injection of agouti-related protein into the lateral
ventricle was found to increase feed intake in sheep allowed ad libitum consumption

(Wagner et al., 2004).

Opiates have also been implicated in the control of feed intake in rodent species,
although these molecules have been much less studied in ruminants. Opiate receptors
have been found in the hypothalamus (Hokfelt et al., 1977) as well as in limbic

structures involved in the control of food reward and eating behavior (Berridge et al.,
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2009). Injection of the opiate antagonist naloxone was found to inhibit feed intake in
sheep, suggesting a stimulatory role for opiate receptors in regulating feed intake (Alavi,
et al., 1991; Obese et al., 2007). This inhibitory effect of naloxone on feed intake was
more pronounced in obese sheep (Alavi et al., 1993). However, it has been reported that
opiate agonists increase intake (Glass et al., 1999; Sorderplam and Berridge, 2000), and
they participate in short-term regulation of feed intake promoting oro-sensory reward
mechanisms. Intravenous injection of an opiate receptor agonist (syndyphalin) increases
feed intake in sheep (Obese, et al. 2007). Opiate peptides may thereby influence feed
intake by mediating hedonism and incentive motivation upon feed consumption
(LeMagnen, 1990; Berridge, 2009), and it has been suggested that blocking their
activity may render palatable feeds less rewarding (Drewnowski et al., 1992; Giraudo et
al., 1993). Barbano and Cador (2006) have showed that the effects of opiates are only
visible in well-fed animals because under feed-deprivation states the effect of other
metabolic hormones overruns the feed control by opiates. However, it seems to be some
evidence that blocking the effects of opiates in sheep may affect blood insulin
concentrations (Burgwald-Balstad et al., 1995) suggesting a potential link between

opiates and energy-modulating hormones.

The central nervous system regulates solid feed intake, mediating energy homeostasis,
but also influencing the pleasure related to feed consumption. This regulation of feed
intake is influenced by peripheral signals that depend on status of adipose tissue
reserves, presentation and ingestion of feed and products of digestion. One of the
hormones related to energy homeostasis that influences solid feed intake is leptin.
Plasma concentrations of leptin were highly correlated with body fat mass in cattle
(Ehrhardt et al., 2000), because it is secreted by adipocytes (Cowley et al., 2001).
Circulating concentrations of leptin seems to serve as a signal of fat stores and energy
intake of animals. Central administration of leptin suppressed feed intake in
ovarioectomized ewes (Henry et al., 1999; Morrison et al., 2001). Leptin inhibits the

orexigenic neurons while stimulate anorexigenic ones (Cowley et al., 2001).

Insulin is a hormone involved in the regulation of energy homeostasis and intake.
Insulin is secreted by pancreas with another peptide called amylin. Amylin has a direct
effect on the brain promoting satiety, depresses gastric emptying, and inhibits glucagon

secretion (Riediger et al., 2004). High plasma insulin concentration has a negative

16



Literature review

impact on feed intake. However, plasma insulin concentration could be modified for
external aspects, such as the amount of milk received before weaning. Hugi et al. (1997)
reported that young calves fed with large amounts of milk develop insulin resistance.
This insulin resistance is developed age-dependently and is primarily a postpandrial

phenomenon.

Cholecystokinin (CCK) and glucagon-like peptide 1 (GLP-1) are two peptides released
by the gut that participates on the regulation of feed intake. The CCK is secreted by
endocrine cells of the upper small intestine as a response to the presence of fat and
protein in the duodenum (Liddle et al., 1985). In sheep it has been described that
feeding fat increases plasma CCK concentration (Relling et al., 2010). This secretion of
CCK has an impact in the hypothalamus, where CCK acts as a neuropeptide decreasing
intake (Della Fera and Baile, 1979). Jugular infusion of CCK decreased intake in sheep
(Grovum, 1981). Furthermore, CCK regulates gastric motility as well as energy intake
(Nguyen et al., 2007). Referring to GLP-1, this peptide is secreted in response to the
ingestion meal for the distal portion of the small intestine. Suominen et al. (1998)
reported that plasma GLP-1 concentration decreased during feed deprivation in Holstein

heifers. Moreover, GLP-1 reduces gastro intestinal motility and acts as a satiety signal.

Nutrients, such as glucose, exert both direct and indirect actions on the hypothalamus
and on peripheral activation of nerves to the nucleus tractus solitarius to control appetite
in laboratory animals (Schwartz et al., 2000; Minokoshi et al., 2004). However,
intestinal, intravenous, and peritoneal glucose infusions do not decrease intake in
ruminants (Faverdin, 1999; Allen, 2000). On the -contrary, circulating VFA
concentrations (Trenkle, 1970; Leuvenink et al., 1997; DiCostanzo et al., 1999), AA
(Kuhara et al., 1991), and lipids (Choi and Palmquist, 1996; Faverdin, 1999; Allen,

2000) seem to be the nutrients stimulating regulatory mechanisms in ruminants.
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1.3. Palatability of solid feed

Because fostering consumption of solid feed is a key objective around weaning,
offering concentrates that are highly palatable is useful. However, information regarding
oro-sensorial preferences of calves and the palatability of different feeds used to
formulate starter feeds for young calves is scarce. Nowadays, oats are used in starter
composition as a carbohydrate source, and it is though that oats enhance palatability
(Hill et al., 2008). Molasses are also perceived as a palatability enhancer, but increasing
molasses concentration on solid feed decreases starter intake and reduce ADG in calves
(Lesmeister and Heinrichs, 2005). Several authors (Matthews and Temple, 1979; Arave,
1997; Spérndly and Asberg, 2006) evaluated the preference for common ingredients in
ruminants, but in each of these studies preference was evaluated with a different

method. It is not clear how to measure feed palatability.

Palatability is a controversial term and it has been argued during long term. Church
(1979) defined palatability as the dietary characteristics or conditions that stimulate a
selective response by animal. This definition is based on the consideration that
palatability is an inherent characteristic of the feed (Hodgson, 1979). Matthews (1983)
suggested that palatability of a feed is interchangeable with preference for the feed, it is
determined by the taste, smell, appearance, temperature and texture of the feed.
However, Forbes (1986) claims that palatability cannot be considered solely as a quality
of the feed, because palatability depends also on the experience and metabolic status of
the animal. Kissileff (1990) suggested the use of two concepts: “intrinsic palatability”,
which refers to the characteristics of a feed, and “learned palatability”, which refers to
the response that is based on previous feed experience of the animal. Finally, it has been
recommended that the term palatability should not be used because of the limited
possibilities to define the exact nature of palatability (Ramirez, 1990). Therefore, feed
preference is more appropriate than palatability to describe a desired feed under

concrete conditions.
1.3.1. Measurement of feed preferences

Behavioral or intake measurements are used to determine feed preference. But, these

measurements could present drawbacks that have to be controlled.
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Behavioral measurements allow the evaluation of the motivation of the animal for the
feed rather than the result of this motivation, which is intake. Two different types of
behavior can be measured: associated with eating freely-accessible feeds or behavior
that will gain access to elected feeds. Under grazing conditions eating time is much
easier to measure than intake. The time spent grazing on different feeds is considered to
reflect the motivation for these feeds (Newman et al., 1992). Monitoring grazing time
allows an analysis of the temporal pattern of preference at pasture (Parsons et al., 1994).
However, time spent grazing varies not only with the palatability of plants but also with
the plants structure (height, density, etc.). Other mechanisms used to measure
behavioral response is operant conditioning procedures. In farm animals a frequently
used device consists of a nose-plate press. It can be used to measure preference, using
these nose-plates animals have to carry out a defined behavioral sequence to be
rewarded by feed. The relation between the occurrences of the responses (pushes) in the
sequence and the feed deliveries is called the schedule of reinforcement (Matthews,
1983). One of the advantages of this technique is that measured behaviors and could
estimate intake. However, the effect of learning and previous experience with these

devices could influence animal response (Forbes and Kyriazakis, 1995; Arave, 1997).

Differences in voluntary intake cannot be attributed only to feed preference, because
other aspects, such as digestive, metabolic and hormonal effects could affect animal
response. For this reason, post-ingestive effects have to be considered in long-term
studies. Greenhalgh and Reid (1971) developed a method to isolate feed preference
from post-ingestive effects. Voluntary intake of straw or dried grass was measured, and
then the same amount of the other feed was introduced directly into the rumen through a
fistula. Consequently, diet composition and digestibility are kept constant, and the
difference in voluntary intake between the two feeds could be attributed to feed
preference. In a later experiment, Grovum and Chapman (1988) designed another
technique called sham-feeding, in which the ingested feed is diverted from the digestive
tract through an esophageal fistula. However, it has been described that digestion of hay
is not the same if it is ingested or introduced through the fistula, influencing post-
ingestive effects (Van Niekerk et al., 1973). Furthermore, Forbes (1995a) suggested that
esophageal-fistulated sheep could lose saliva through the fistula and become sodium-
deficient, thereby developing preferences for salty feeds. It seems that to assess feed

preference avoiding post-ingestive effects it is necessary to conduct short-term
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experiments. Some researchers (Gherardi and Black, 1991) have proposed short-term
experiments using previously trained animals. However, pre-conditioning animals to
short-term experiments may modify behavior and oro-sensorial preferences (Forbes and
Kyriazakis, 1995; Arave, 1997). Consequently, short term experiments with animals
that had not earlier feed experiences with the tested feeds seems to be the optimum

method to asses feed preference.

1.3.2. Feed characteristics

It has been described that DM content, particle size and resistance to fracture or height
and density of pasture affect ease of apprehension and mastication, and thus intake rate
(Jarrige et al., 1995). In dairy cows drying the grass increases voluntary intake when the
DM content of the fresh grass is lower than 15 % (Vérité and Journet, 1970). When the
mean particle size of the forage decreases voluntary intake increases, eating time
decreases and thus intake rate increases (Colebrook et al., 1985). Furthermore,
comparing different starter feeds it has been observed that mash starters are more
consumed than pelleted starter feeds (Franklin et al., 2003). In summary, physical
characteristics of feeds, such as DM content or particle size could influence feed
preference; consequently these parameters have to be controlled when different feeds

were compared.

The taste and odor of feed are determined by the chemical characteristics of the feed.
These chemicals compounds allow grazing animals to detect toxins through undesirable
taste or odor. The effects of the primary tastes (sweet, salty, bitter and sour) were
studied with water solutions (Goatcher and Church, 1970a,b), resulting sweet taste the
most desirable taste. Accordingly, Nombekela (1995) reported preference for sweet
feeds in dairy cow. Furthermore, Thomas et al. (2007) reported that calves seem to have
preference for orange smell of water. These results suggested that chemical compounds

affects animal feed perception and consequently modify their intake.
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1.3.3. Animal characteristics

Each animal may have different individual food preferences (Provenza et al., 1996;
Villalba and Provenza, 1996), because each animal has particular differences in
morphology and physiology, which are influenced by their experiences beginning in
uterus (Provenza et al., 2003). Furthermore, different feeds or nutrients are offered to
each animal during their life, and this fact induces post-ingestive effects that could
condition future intake. The affective system integrates the taste of a feed with post-
ingestive feedback and the cognitive system integrates the odor and sight of the feed
with its taste. Learned feed aversions against toxic plants or feeds experimentally laced
with several compounds that cause malaise have been established in ruminants
(Provenza and Balph, 1987; Burrit and Provenza, 1989; Ralphs and Cheney, 1993;
Provenza, 1995). Moreover, Simitzis et al. (2008) described that lambs selected in favor
of feeds with flavors to which they had been exposed to early in life, indicating that the
flavor familiarity may influence feed preferences. These studies suggested that feed

preference could be clearly marked by previous experiences.

Considering the important role of postingestive feedback on intake regulation and
consequently on feed preferences, it is necessary to control that previous contact with

tested feed is minimized to avoid this effect on feed preferences.
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Objectives

This thesis was conceived from the necessity to foster consumption of solid feed around
weaning. The main objective of this work was to promote solid feed intake around
weaning through palatability of feed, applying new strategies to encourage solid
consumption, and amplifying the knowledge about some of the hormonal mechanisms

that participate in the regulation of solid feed intake. The specific objectives were:

1. Determine the oro-sensorial preferences for common ingredients used to
formulate solid feed concentrates for young calves.

2. Evaluate the importance of feed preference on solid feed consumption around
weaning

3. Determine the importance of opioid-mediated hedonism on feed intake

regulation.

To achieve these objectives, six studies were conducted:

e Study 1: A method was developed to evaluate oro-sensory preferences for
different feeds in weaned.

e Study 2: This study was conducted to determine the oro-sensorial preferences for
eight energetic and six protein ingredients commonly used to formulate starter
concentrates for young calves.

e Study 3: Possible influences of previous experience were evaluated in this study,
where milk replacer was flavored in a same manner as starter concentrate to
encourage solid feed consumption in young calves.

e Study 4: Individual characteristics of young calves could condition feed
preferences and nutrient requirements. In this study a voluntary selection of
starter ingredients are offered separately to nursing calves.

e Study 5: The provision of forage could increase starter feed intake. In this study
the physical form of forage on performance, feeding behavior, and digestibility
of Holstein calves were evaluated.

e Study 6: This study assessed the role of opiates on oro-sensorial preference,
based on the opiates role in intake regulation, and on hedonism or pleasure

behavior.
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STUDY 1:

DEVELOPMENT OF A METHOD TO EVALUATE ORO-SENSORY
PREFERENCES IN WEANED CALVES
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3.1. Introduction

Information regarding oro-sensory preferences of calves and the degree of
palatability of different feeds used to formulate concentrates is scarce. There have been
several experimental methods used to assess oro-sensory preferences in young animals,
but to our knowledge, there is no clear method to evaluate oro-sensory preferences in
young ruminants. Some researchers have proposed short-term experiments (Gherardi
and Black, 1991) using previously trained animals, and others have used long-term
assays (Greenhalgh and Reid, 1974). However, pre-conditioning animals to short-term
assays may modify behavior and oro-sensory preferences (Forbes and Kyriazakis, 1995;
Arave, 1997), and long-term assays may result in interferences between oro-sensory
signals and post-ingestive feedback mechanisms (Provenza, 1995). Regarding the
outcome variable to determine oro-sensory preference, some researchers have proposed
total feed consumption (Baumont et al., 1990; Faverdin et al., 1995); whereas others
have suggested to monitor eating behavior (Matthews, 1983; Newman et al., 1992).
Based on the lack of a consistent method to determine oro-sensory preferences for
young calves, the objective of this study was to develop such as an experimental

method.

3.2. Materials and methods

3.2.1 Animals and housing

A total of 135 recently weaned female Holstein calves (65 + 0.3 d of age) were
involved in five experiments conducted to develop a method to determine oro-sensory
preferences in young calves. Calves were housed in individual hutches (1 x 1.55 m)
with access to solid feed through two open areas (40 x 45 cm) onto two plastic buckets
(capacity: 8 L). These buckets were subjected by a metal surface (35 x 100 cm) with
two holes, and were located in front of the hutches at 60 cm to the floor and horizontally
separated by 50 cm. Before weaning, calves received MR in bottles twice daily (2 L
each time) at 0700 and 1900 since arrival day to one week before weaning (55 d of age),
and once daily at 0700 during the last week before weaning (mean weaning age = 62 d
of age). All calves participated in each of these five different experiments 3 d after
weaning (65 + 0.3 d of age; range of 55 to 72 d of age). The same concentrate (Table
3.1) was offered ad libitum in one bucket, 24h a day (except during experiments 2, 3, 4
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and 5 were performed) during the first 90 days of age. Hutches were bedded with straw
every 3 d and calves were managed under the guidelines and approval of the Animal

Care Committee of IRTA.

Table 3.1. Ingredient composition of the concentrate diet.

Ingredient'
Wheat middlings 29.0
Corn 20.0
Oats 15.0
Barley 7.0
Corn gluten meal 7.0
Soybean meal 5.1
Corn gluten feed 5.0
Distillers dried grains 5.0
Wheat 3.1
Rapeseed meal 2.1
Calcium carbonate 0.8
Sodium chloride 0.5
Vitamin and mineral premix 0.4

! Percentage as fed
3.2.2. Experiment 1: Eating pattern

The eating pattern of 35 calves (65 = 0.7 d of age) that were weaned at 62 d of life
was monitored every 60 min during a 24-h period individually. During this period,
calves had ad libitum access to a starter feed (Table 3.1), and feed consumption was
recorded at 60-min intervals weighing manually the buckets that contained solid feed.
Results were used to determine the optimum time to conduct oro-sensory preference

tests in recently weaned calves.
3.2.3. Experiments 2 and 3: Sweetness preference tests

Considering the results from Exp. 1, an experimental method was designed to test

oro-sensory preferences of sweet feeds in young calves. The experimental method
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consisted of offering ad libitum two different feeds simultaneously 1 h after the morning
peak of feed consumption took place (0700). The two feeds were presented in two
different buckets to each animal, in alternative location to minimize location effect,

during 6 h, and feed consumption was measured every hour starting at 0800.

Experiments 2 and 3 involved two groups of 30 naive weaned calves (65 £ 0.5 d of
age), that were offered a double choice of ingredients in two separate buckets: a familiar
concentrate (CF; i.e., previously consumed by these calves; Table 3.1) and the same
concentrate with added sucrose (SF; 10% of sucrose in Experiment 2; and 5% of
sucrose in Experiment 3). Every calf only participated in one experiment conducted
only one day in order to avoid the effect of previous experiences. The addition of
sucrose was used to validate the method, as it is known that sucrose improves
palatability and stimulates feed consumption in ruminants (Goatcher and Church,

1970a; Nombekela and Murphy, 1995).

3.2.4. Experiment 4 and 5: Novel feeds.

The feasibility of using the proposed experimental method to depict differences in
oro-sensory preferences of calves offered novel feeds was evaluated. Novel feeds may
elicit neophobia (Herskin and Munksgraad, 2000), and thus calves may be reluctant to
consume a novel feed when it is first presented potentially leading to erroneous
assessments of oro-sensory preferences. Experiment 4 and 5 were conducted following
the same procedure described in Exp. 2 and 3, except for number of animals and the
kind of feed offer. In Experiment 4, a group of 20 calves (65 + 1.1 d of age) that were
weaned at 62 d of life were offered simultaneous double choice of ground barley or
ground oats grains in two separate buckets replacing starter concentrate, located in
different position for each calf to minimize lateralization effect, during 6 hours, and
feed consumption was measured every hour starting at 0800. In Experiment 5, to
evaluate the repeatability of outcomes obtained from the use of the proposed
experimental method, another group of 20 calves (65 = 0.9 d of age) weaned 3 d before
the onset of the preference assay, were also presented with a double choice of ground

barley or ground oats grains following the same scheme described above.
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3.2.5. Statistical Analyses

In Experiment 1, feed consumptions inferior to 20 g/d were discarded and considered
null. Data were log-transformed to achieve a normal distribution and fitted to a mixed-
effects model with time as a fixed effect and animal as a random effect. Oro-sensory
preference of Experiments 2, 3, 4 and 5 was calculated as a percentage [(cumulative

consumption of one ingredient / total cumulative solid feed consumption) x 100].

Concentrate or ingredient consumption data from each experiment (Exp. 2, 3, 4 and
5) were square root transformed to achieve a normal distribution and were analyzed
using a mixed-effects model for repeated measures that accounted for the random effect
of calf, and the fixed effects of feed (either sweet or plain concentrate for Exp. 2 and 3,
or barley and oats for Exp. 4 and 5), time (hour), bucket location (right or left), their 2-
way and 3-way interactions. Furthermore, hourly consumption data were also analyzed
using a mixed-effects model that accounted random effect of calf, and the fixed effects
of feed, bucket location and their 2-way interaction. Time was included in the model as
a repeated measure. Oro-sensory preference data were analyzed using a mixed-effects
model for repeated measures that accounted for the random effect of calf, and the fixed
effects of time (hour), bucket location (right or left) and their 2-way interactions.
Furthermore, oro-sensory preference data of each hour were subjected to one-sample

comparison t-test using 50% as reference value (i.e., lack of preference).

In addition, a power analysis for one sample proportion was performed using an
alpha of 0.05 and a power of 0.80 with a baseline proportion of 0.5 and a minimum
difference to detect of 0.25 to determine the minimum sample size required for
detecting significant preferences for the sweetened concentrate. Furthermore, using oro-
sensory preference data from sweetened concentrate experiments and novel feeds
experiments, calves were sorted in descending order according to the preference shown
for the sweetened concentrate or barley, respectively. Then, animals showing the
greatest preference were sequentially removed from the dataset until the difference in

consumption was no longer significant.
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3.3. Results and discussion
3.3.1. Experiment 1: Eating pattern

Calves concentrated their starter feeding activity early in the morning and late in the
afternoon (Fig. 3.1). Peaks of starter consumption occurred at 0700 and 1900 (355 g/h
and 409 g/h, respectively) coinciding with times at which MR was offered before
animals were weaned. Ray and Roubicek (1971) described a similar eating pattern.
Metabolic and physiological states should be considered when implementing preference

tests because they can modify eating behavior (Forbes, 2007).

Figure 3.1. Eating pattern (hourly consumption of starter, g/h) of recently weaned

calves (Exp. 1). Bars denote standard errors.
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During peaks of feed consumption, hunger is expected to reach a maximum and,
consequently it may void oro-sensory preferences. For this reason, conducting
preference assays during periods at which the amount of feed eaten is maximum was
avoided. Palatable ingredients are commonly used with the aim of fostering solid feed
intake, and thus, using animals that are partly satiated seems to be the most appropriate

method to assess oro-sensory preferences. Therefore, it was decided that the optimal
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time to conduct an oro-sensory preference assay would be 1 h (at 0800) following the
morning peak of consumption (0700). The duration of the preference assays is a
controversial issue. Short-term studies with naive animals may be blunted by neophobia
against novel feeds; whereas long-term assays may be influenced by post-ingestive
effects (Forbes and Kyriazakis, 1995; Arave, 1997). Because mean of fluid ruminal
retention time around weaning is about 8 h (Vazquez-Afon et al., 1993), conducting
preference assays for 6 h would allow achieving a good level of consumption and yet
minimize post-ingestive effects as a consequence of nutrient absorption in gut.
Digestion and absorption of VFA in the rumen is faster than 6 h (Lopez et al., 1994),
but it has been described (Zahorik et al., 1990) that ruminants can learn to form taste
aversions, but not if the onset of illness occurs with as little as 30 min delay, and this
aversion for feed was described in 18h fasted animals. In the present study calves were
able to eat starter concentrate until few minutes before the experiment began, then part
of the rumen content of previous consumption remains during the experiment
influencing on post-ingestive effect perception of calves. Furthermore, offering a choice
that makes it more difficult for the animal to associate a consequence with the food
responsible (Duncan and Young 2002; Favreau et al., 2010). Consequently, it was
decided that a good oro-sensory preference test should be conducted 1 h after morning

feed consumption (at 0800) and run it for a 6-h period.

3.3.2. Experiments 2 and 3: Sweetness preference tests

When calves (n=30) were presented with a choice of plain or sweetened concentrate,
bucket location has no effect (P > 0.1) on starter feed consumption, whereas feed and
time had and effect on solid feed consumption. The interactions between these effects
were not significant in experiment 2 and 3. The average of SF consumption was greater
(P < 0.01) than CF in experiment 2 and 3 (141 vs 55 g/h and 131 vs 56 g/h,
respectively). In the experiment 2, calves consumed more (P < 0.01) solid feed during
the first two hours of assay compared to the fifth hour. In the experiment 3, calves
focused their consumption basically on the first hour consuming more (P < 0.01) solid
feed than during the rest of assay. The hourly consumption of SF was greater (P < 0.01)
than that of CF at all times in both experiments, whereas bucket location has no effect
on solid feed consumption analyzed hourly (Table 3.2). Furthermore, during the 6-h

preference assay, no decrease in the consumption of SF relative to CF was observed
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(Table 3.2), confirming the initial hypothesis that a 6-h preference assay would prevent
or minimize potential negative post-ingestive effects. Oro-sensory preference (%) was
not affected by bucket location or time (P > 0.1). Calves also displayed a preference (P
< 0.01) for the SF every hour during the 6-h assay (Table 3.3). These data agree with
the notion that calves appreciate the sweet taste of sucrose (Hellekant et al., 1994) and

validate the use of the proposed method for studying such behavioral responses.

The minimum number of animals needed to detect differences performing the t-test
comparing the oro-sensory preference to 50% (lack of preference) during the first hour
of the assay was 21 and 28 calves in Exp. 2 and 3, respectively (Table 3.4). In contrast,
to detect statistical differences after 6 h, only 9 and 17 calves were sufficient in Exp. 2
and 3, respectively. Considering that after 6h feed preference for SF did not changed,
and calves could be reluctant to eat new feed during short term assays, 6 hours could be
a reasonable time to study feed preferences. Therefore, considering that 17 calves are
necessary to detect significant differences in Exp. 3, it is concluded that to conduct
experiments with new feed which could compromise solid feed intake, a minimum of
20 calves is required to detect significant differences in oro-sensory preferences when

the proposed experimental method is used.
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Table 3.2. Hourly (g/h) and cumulative (g) feed consumption of a plain concentrate
(Control) or the same concentrate containing 10% (Exp. 2) or a 5% (Exp. 3) sucrose

during a 6-h oro-sensory preference assay.

Feed consumption (g/h) P-value Cumulative feed consumption (g) P-value
Time (h)  Control Sweet Feed Location Control Sweet Feed Location
Exp. 2
1 81+19.5 174+25.8 <0.01 0.91 81+ 19.5 174 £25.8  <0.01 0.91
2 56+10.1 171+29.6 <0.01 0.84 137 £25.6 346 +40.2  <0.01 0.84
3 57+10.9 132+19.7 <0.01 0.71 194 +27.6 477+47.1  <0.01 0.92
4 49+84 127+17.7 <0.01 0.45 243 £27.0 604 £47.1  <0.01 0.88
5 42+£10.6 98+21.2 <0.05 0.17 285+ 33.0 702 £51.6  <0.01 0.77
6 44+71 141+£154 <0.01 0.83 328+37.4 843 +£552  <0.01 0.76
Exp. 3
1 201 £32.2 366+43.9 <0.05 0.80 201 £32.2 366+439  <0.05 0.80
2 25+156 68+16.5 <0.01 0.39 226 +32.0 434+442  <0.01 0.63
3 20+4.3 73+20.4 <0.01 0.53 246 £33.2 507+45.1  <0.01 0.86
4 25+8.3 56+13.2 <0.01 0.66 271 +34.1 563 +44.6 <0.01 0.99
5 26+7.6 65+14.7 <0.05 0.93 298 +35.8 628 £50.2  <0.01 0.96
6 41+£54 158+£26.6 <0.01 0.14 338 £38.3 786 £58.3  <0.01 0.77
Table 3.3. Preference scores calculated based on relative hourly or cumulative feed
consumption of a sweetened starter (10 or 5% sucrose in Exp 2 and 3, respectively).
Oro-sensory preference (%)
Time, h Hourly feed consumption P-Value’ Cumulative consumption P-Value®
Exp. 2
1 70.6 = 3.97 <0.001 70.6 +£3.97 <0.001
2 71.3 £3.46 <0.001 74.1 £3.05 <0.001
3 64.5 +4.62 <0.01 71.1 £2.37 <0.001
4 71.7 +3.52 <0.001 69.9 +2.39 <0.001
5 62.4+5.41 <0.05 69.6 +2.64 <0.001
6 74.9 +£3.31 <0.001 72.5+2.23 <0.001
Exp. 3
1 64.1 £5.06 <0.01 64.1 £5.06 <0.01
2 74.1 £4.50 <0.001 64.4 +4.88 <0.01
3 65.4+4.16 <0.01 66.4 £4.26 <0.001
4 67.0 £4.34 <0.01 67.1+£3.99 <0.001
5 63.3+4.70 <0.05 67.2+3.83 <0.001
6 70.4 +4.65 <0.001 69.2 +£3.19 <0.001

' Percentage of consumption of sweetened concentrate, % of hourly or total cumulative
feed consumption

*SE = Standard Error

3 Tests whether consumption of sweetened concentrate differs from 50%.
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Table 3.4. Minimum number of calves required to detect significant differences in oro-
sensory preferences (based on cumulative feed consumption) for a sweetened
concentrate (10 or 5% sucrose in Exp 2 and 3, respectively) at each hour of an oro-

sensory preference test.

Time, h Calves required’ Oro-sensory preference (%) SE’ P-value’

Exp. 2
1 21 61.5 4.83 0.028
2 15 59.5 4.04 0.035
3 10 57.6 3.19 0.042
4 11 57.5 3.06 0.035
5 13 58.2 3.54 0.040
6 9 58.4 3.15 0.028

Exp. 3
1 28 61.4 5.31 0.040
2 27 60.6 4.89 0.040
3 24 59.5 4.25 0.035
4 22 583 3.94 0.048
5 22 58.7 3.81 0.033
6 17 56.4 2.64 0.028

'Calves showing a marked preference for sweetened concentrate were progressively
removed until significance was lost.

? Percentage of consumption of sweetened concentrate, % of hourly or total cumulative
feed consumption

> SE = Standard Error

* Tests whether the consumption of sweetened concentrate differs from 50%.

3.3.3. Experiments 4 and 5: Novel feeds

In both, Exp. 4 and 5, bucket location has no effect (P > 0.1) on starter feed
consumption. During Exp. 4 there were no differences on ingredient consumption
among different time, whereas in Exp. 5 ingredient consumption was greater (P < 0.05)
in the first and the last hour compared to the others time. The average of barley
consumption was greater (P < 0.01) than oats consumption in experiment 4 and 5 (147
vs 62 g/h and 46 vs 9 g/h, respectively). Barley was clearly consumed in greater
amounts (P < 0.01) than oats (Table 3.5) every hour during the 6 h test in both
experiments. The difference on total ingredient consumption between Exp. 4 and Exp. 5
could be explained as a consequence of weather during Exp. 5, because during the 6 h
of experiment it was raining all time and calves showed less activity, and consequently

less consumption, but animal age and characteristics were similar. Oro-sensory
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preference (expressed as a percentage of barley consumption relative to total
consumption) was also greater (P < 0.01) for each hour of both Exp. 4 and 5. This is in
agreement with the results of Sporndly and Asberg (2006), who found that barley was
one of the preferred ingredients by heifers. On the other hand, oats grains have been
described as unpalatable feed in short term studies in lambs (Cannas et al., 2009),

accordingly with the present results.

In addition, the repeatability of the outcome of the assay was high at all hours (Table
3.6). Although total amount of feed consumed by calves in the two assays was
substantially different, both the pattern of feed consumption and the oro-sensory

preference (percentage of total feed intake) were equivalent in the two experiments.

Similarly to the procedure used for the analysis of data from Exp. 2 and 3, 15 and 16
calves were required to detect differences performing the t-test comparing the oro-
sensory preference to 50% (lack of preference) 1 h after the onset of the tests, in
experiment 4 and 5 respectively (Table 3.7). In contrast only 9 and 12 calves were
needed to detect differences after the 6-h assay, in Exp. 4 and 5 respectively. It can be
concluded that the proposed experimental method allows finding differences in calves
feed preferences and its oro-sensory preference outcomes are reproducible despite

variability in total feed intake among assays.

The initial results would suggest that an experimental method involving less than 6 h
of exposure would suffice. However, during Exp. 5, three calves did not eat until 5 h
had elapsed from the onset of the experiment. This delay in feed consumption may be
more pronounced when testing ingredients with poor palatability. Therefore, the
experimental method to assess oro-sensory preferences in calves would consist of
presenting calves with a two-bucket preference assay for a minimum of 6 h starting at
one hour after MR was given before weaning, coinciding to peak of consumption (in the
present study starting at 0800 and finishing at 1400). A sample size as small as 10 could
be used when expected differences between ingredients are pronounced, but a larger
samples size (20 calves) is recommended when small differences between ingredients

are anticipated.
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Table 3.5. Hourly (g/h) and cumulative (g) feed consumption of barley or oats ground

grains during two 6-h oro-sensory preference assays involving 20 calves each (Exp. 4

and 5).
Feed consumption P-value Cumulative feed consumption P-value
(g/h) (2)
Time (h)  Barley Oats Feed Location Barley Oats Feed Location
Exp. 4
1 186 +£54.4 51+453 <0.01 0.67 186 +54.4 51+453 <0.01 0.67
2 185+31.9 32+19.7 <0.01 0.84 371 £68.2 82+47.7 <0.01 0.68
3 111+£234 7+£3.6 <0.01 0.30 481 +£73.9 89 +48.4 <0.01 0.91
4 141 +£28.0 15+3.8 <0.01 042 622 +76.2 103 +£49.6 <0.01 0.79
5 165+43.5 13+£53 <0.01 0.54 787 £105.5 116 +£52.6 <0.01 0.98
6 151+£30.5 29+173 <0.01 0.82 938 +£113.3 145+ 54.6 <0.01 0.92
Exp. 5
1 64+13.1 15+£28 <0.01 093 64 +13.1 15+2.8 <0.01 0.93
2 28 £8.3 6+£3.1 <001 044 92+16.9 20+ 4.6 <0.01 0.48
3 56+134 9+2.6 <0.01 0.37 148 +£25.2 29+6.2 <0.01 0.87
4 36 +8.3 5£2.0 <0.01 0.50 184 +28.7 34+6.7 <0.01 0.80
5 27+6.5 720 <005 0.59 212+31.6 42 £ 8.3 <0.01 0.87
6 67+152 8+£25 <0.01 0.74 279 +34.2 50+9.7 <0.01 0.57
Table 3.6. Evolution of the relative cumulative feed consumption of barley as a
proportion of total intake (barley plus oats ground grains) in Experiments 4 and 5.
Oro-sensory preference (%)’
Time, h Hourly feed consumption P-Value® Cumulative consumption P-Value®
Exp. 4
1 84.6 +5.03 <0.001 84.6 +5.03 <0.001
2 83.2+5.04 <0.001 82.6 +5.43 <0.001
3 84.4+5.74 <0.001 85.3+5.34 <0.001
4 77.2+6.72 <0.01 84.8 £5.27 <0.001
5 87.7+3.10 <0.001 859+5.14 <0.001
6 82.3+5.96 <0.001 86.4 +4.58 <0.001
Exp. 5
1 68.5+4.42 <0.001 68.5+4.42 <0.001
2 71.5+3.96 <0.001 71.4+4.34 <0.001
3 70.5+5.16 <0.01 74.6 £4.76 <0.001
4 72.5+4.53 <0.001 75.8 £4.52 <0.001
5 67.1 £4.95 <0.01 75.4+4.55 <0.001
6 79.4 +3.50 <0.001 80.3 +3.72 <0.001

! Percentage of barley consumption, % of hourly or total cumulative feed consumption
(barley + oats)

*SE = Standard Error

3 Tests whether the consumption of barley differs from 50%.
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Table 3.7. Minimum number of calves required to detect significant differences in oro-
sensory preferences (based on cumulative feed consumption) for barley at each hour of

two oro-sensory preference assays (Exp. 4 and 5).

Time, h Calves required’ Oro-sensory preference (%)” SE’ P-value®

Exp. 4
1 15 82.9 10.10 0.023
2 10 74.9 9.30 0.037
3 11 73.7 9.41 0.033
4 10 72.0 8.96 0.037
5 10 74.0 8.92 0.025
6 9 72.9 8.29 0.025

Exp. 5
1 16 78.6 2.98 0.030
2 18 73.4 6.50 0.027
3 17 70.2 7.50 0.031
4 14 68.2 6.45 0.042
5 14 66.3 6.30 0.035
6 12 66.6 6.08 0.025

'Calves showing a marked preference for barley were progressively removed until
significance was lost.

? Percentage of cumulative consumption of barley , % of total cumulative consumption
(barley + oats consumption)

*SE = Standard Error

* Tests whether the consumption of barley differs from 50%.

3.4. Conclusion

In summary, the proposed experimental method for assessing oro-sensory preference
in calves consists of conducting 1 h after the morning peak of feed consumption, a two-
bucket preference assay in which 2 feeds are simultaneously offered ad libitum to a
minimum of 20 naive calves and feed consumption is measured during 6 h after the

onset of the test.
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STUDY 2:

ORO-SENSORY PREFERENCES FOR ENERGY AND PROTEIN
INGREDIENTS IN WEANED CALVES.
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4.1. Introduction

Because fostering consumption of solid feed is a key objective around weaning,
offering concentrates that are highly palatable is commonly recommended (Morrill and
Dayton, 1978). However, information regarding oro-sensorial preferences of calves and
the palatability of different feeds used to formulate starter feeds for young calves is
scarce. For instance, oats are commonly included in starter feeds for calves because it is
believed they are highly palatable. Oats are preferred over corn, barley, wheat meal and
rye in ponies (Hawkes et al., 2010), but to our knowledge, there is no evidence that oats
are perceived as palatable by young calves. In fact, Bush (1989) conducted an
experiment in young calves (3 to 17 wk of age) and reported maximum preferences for
barley and no differences among corn, oats and wheat meal. There are several studies
(Arave, 1997; Matthews and Temple, 1979; Spdrndly and Asberg, 2006) that have
evaluated the preference for common ingredients in ruminants, but none of these studies

involved young calves.

Therefore, the objectives of this study were to determine oro-sensorial preferences of

calves for several energy and protein sources commonly used to formulate starter feeds.
4.2. Materials and Methods

This study involved a total of 49 feedstuff preference assays and 500 young female
Holstein calves (65 = 0.2 d of age; 81 £ 0.3 kg of BW) distributed in 2 separate
experiments. In both experiments, each feedstuff preference assay involved 20 calves
that were offered a choice of two different feeds in separate buckets ad libitum. Calves
were housed in individual hutches (1 x 1.55 m) with access to solid feed through two
open areas (40 x 45 cm) to two plastic buckets (capacity: 8 L). These buckets were
suspended by a metal surface (35 x 100 cm) with two holes, and were located in front of
the hutches 60 cm from the floor and horizontally separated from each other by 50 cm.
Hutches were bedded with straw every 3 d and calves were managed under the
guidelines and approval of the Animal Care Committee of Institute for Research and

Technology in Agrifood (IRTA, Barcelona, Spain).

An animal model specifically developed to assess oro-sensorial preferences of calves

was used in both experiments. Briefly, the model consisted of offering a choice of two
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different feeds ad libitum to a group of 20 calves that had been weaned for either 3 or 5
d. The two feeds were offered ad libitum (2 kg) for 6 h. The peak of consumption of
solid feed coincides with MR offer (Ray and Roubicek, 1971). Therefore, the test was
conducted 1 h after the peak of consumption of solid feed under the assumption that
calves would then be partly satiated, and thus they would be more sensible to oro-
sensorial preferences than if calves were consuming feed driven by hunger.
Furthermore, the preference assays were limited to 6 h to minimize post-ingestive
effects on oro-sensorial preferences, as mean ruminal retention time of fluids around

weaning age is about 8 h (Vazquez-Afion et al., 1993).

All calves were fed the same starter feed, containing most of the ingredients that
were evaluated in this study (Table 4.1), from birth to the moment the feedstuff
preference assays were conducted (around 65 d of age). The day that the feedstuff
preference assays were performed, the starter feed was removed 1 h before the
beginning of the assays, substituted by the two ingredients to be evaluated, and it was
not provided again until the preference assays were completed 6 h later. Feed
consumption during the 6-h preference assays was determined for each of the two feeds

offered.

4.2.1.Experiment 1: Oro-sensorial preferences for energy and protein feedstuffs

commonly used in starter feeds

The experimental model to assess oro-sensorial preferences described above was used
to assess the palatability of eight energy and six protein ingredients commonly used to
formulate starter feeds for calves. The energy ingredients were: barley meal, corn meal,
corn gluten feed (CGF), oats meal, rice meal, sorghum meal, wheat meal, and wheat
middlings. The selected protein sources were: corn gluten meal (CGM), pea meal, rapeseed
meal (RSM), soybean meal (SBM), sunflower meal (SFM) and wheat distillers dried grains
(DDG). To avoid potential interference of particle size on oro-sensorial preferences, all
ingredients were ground through a 3-mm mesh using a hammer mill (N6el-Guy, Bugey,

France).

A total of 28 feedstuff preference assays (as described above) involving 280 calves
(65 = 0.4 d of age) were performed to conduct 28 pair-wise comparisons among all
selected energy ingredients. Each preference assay involved 20 calves, and each calf

participated in two different preference assays, which were conducted 3 and 5 d after
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weaning. To perform the 15 pair-wise comparisons needed to evaluate oro-sensorial
preferences among the selected protein sources, 15 preference assays involving 160
calves (65 = 0.7 d of age) were conducted with 20 calves per preference assay. Each calf
participated in two different preference assays, at 3 and 5 d after weaning, except the
last group of 20 calves that only participated in one preference assay conducted 3 d after
weaning. No calf was presented twice with the same ingredient in any of the feedstuff

preference assays performed.

Table 4.1. Ingredient composition of the starter feed.

Concentration, % as

Ingredient fed
Wheat middlings 25.0
Corn meal 20.0
Oats meal 12.0
Barley meal 7.0
Corn gluten meal 7.0
Soybean meal 5.0
Corn gluten feed 5.0
Distillers dried grains 5.0
Wheat meal 31
Sunflower meal 3.1
Sorghum meal 31
Rice meal 3.0
Calcium carbonate 0.8
Sodium chloride 0.5
Vitamin and mineral premix 0.4

4.2.2. Experiment 2: Oro-sensorial preferences for corn gluten feed, wheat meal,

corn gluten meal, and soybean meal mixtures

Four combinations of the most and least preferred energy and protein ingredients
from experiment one were mixed to assess whether calves were able to maintain oro-

sensorial preferences for specific ingredients within a concentrate mixture. The mixtures
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(50:50) consisted of: CGM:CGF, CGM:wheat meal, SBM:CGF, and SBM:wheat meal.
All ingredients were ground at 3 mm. Six preference assays and a total of 60 calves (62
+ 1.3 d of age) were needed to perform 6 pair-wise comparisons among all concentrate
mixes, following the same procedure as described for experiment one. Twenty calves
were involved in each test, and each calf participated in two different preference assays

at 3 and 5 d following weaning without being presented twice with the same mixture.

4.2.3. Chemical and physical analyses

All ingredients were analyzed for DM (24 h at 103°C), ash (4h at 550°C), N content
(AOAC, 2000), ether extract (EE; AOAC, 2000), neutral detergent fiber (NDF) and acid
detergent fiber (ADF) (Van Soest et al., 1991). Furthermore, 100 g of each ingredient

were sieved through a 2- and 1-mm mesh to determine the particle size distribution.

4.2.4. Calculations and statistical analyses

In both experiments, oro-sensorial preference was measured as the consumption of a
feed expressed as a percentage of total feed consumed [(consumption of feed A /
consumption of feed A + consumption of feed B) x 100]. To define the particle size
distribution, the weight of the different fractions (<lmm, 1-2mm, and >2mm) was

expressed as a proportion of total sample weight (g of fraction/ g of total sample).

Oro-sensorial preference was analyzed using a one-sample comparison t-test using
SAS (SAS Inst. Inc., Cary, NC) to assess whether the relative consumption of a feed (as
a percentage of total intake) differed from 50% (i.e., lack of preference). All statistical
tests were performed using the accumulated feed consumption over the 6-h duration of

each preference assay.

4.3. Results and discussion

4.3.1. Experiment 1: Oro-sensorial preferences for energy and protein feedstuffs

commonly used in starter feeds

Energy sources. Wheat meal was preferred (P < 0.05) in six out of seven preference
assays (Table 4.2). When confronted with wheat meal and other energy ingredients,

calves consumed (or preferred) more wheat meal than barley meal, CGF, oats meal, rice
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meal, sorghum meal, and wheat middlings. However, calves showed no clear preference

between wheat meal and corn meal.

Table 4.2. Average consumption over a 6-h period and oro-sensorial preferences

(ingredient consumption as a proportion of total feed intake) by weaned calves

participating in 28 pair-wise comparisons between eight selected energy ingredients.

Oro-sensorial

Consumption Consumption preference!

Ingredient A Ingredient B Ingredient A,g IngredientB,g A/(A+B)x100 SE P-value?
Barley meal Corn meal 684.1 £75.9 410.7 £ 69.3 62.8 9.89 0.01
Barley meal Corn gluten feed 249.0 £ 21.3 130.0 £ 52.7 55.5 13.61 0.41
Barley meal Oats meal 469.0 £ 56.7 72.0+27.3 86.4 9.6 <0.01
Barley meal Rice meal 550.3+71.3 194.8 + 46.0 72.3 13.17 <0.01
Corn meal Corn gluten feed 609.5 £ 115.6 41.0+8.3 88.5 6.01 <0.01
Corn meal Oats meal 656.5 +129.4 122.5+24.4 77.8 7.77 <0.01
Corn meal Rice meal 400.5 + 60.5 107.3 + 28.7 78.8 9.78 <0.01
Corn meal Wheat middlings 301.1 +63.0 80.0 + 19.5 72.2 11.65 <0.01
Corn gluten feed Oats meal 162.0 + 25.0 142.8 + 28.4 53.8 12.28 0.53
Oats meal Rice meal 287.8+70.0 255.0 + 64.2 53.2 15.41 0.67
Oats meal Wheat middlings 427.5+449 95.8+21.9 79.8 8.94 <0.01
Rice meal Corn gluten feed 219.4+379 142.1 +28.0 52.8 14.89 0.69
Sorghum meal Barley meal 530.5+124.6 2394 £55.3 65.8 13.44 0.02
Sorghum meal Corn meal 487.8 £93.7 302.6 + 84.2 66.1 14.53 0.03
Sorghum meal Corn gluten feed 354.4+77.8 160.0 +51.3 68.9 13.59 <0.01
Sorghum meal Oats meal 428.0 £ 63.6 174.5+29.8 67.8 8.93 <0.01
Sorghum meal Rice meal 466.0 £ 130.6 65.5+19.2 74.8 10.73 <0.01
Sorghum meal Wheat middlings 385.5+84.5 290.5 + 64.0 53.8 13.62 0.56
Wheat meal Barley meal 441.5+19.0 124.5+8.3 69.4 16.28 0.02
Wheat meal Corn meal 411.5+729 422.0 £80.9 52.3 16.5 0.77
Wheat meal Corn gluten feed 385.0 £ 76.8 121.0 + 23.0 66.1 14.13 0.03
Wheat meal Oats meal 413.8+68.8 58.3+18.2 80.3 13.07 <0.01
Wheat meal Rice meal 633.4+120.9 141.3+93.1 88.4 11.26  <0.01
Wheat meal Sorghum 484.1 +81.0 1259 +30.6 70.5 11.39 <0.01
Wheat meal Wheat middlings 630.9 £ 132.1 160.9 + 33.8 68.1 12.84 <0.01
Wheat middlings Barley meal 415.0 £ 73.7 330.0 £ 62.8 51.6 14.17 0.82
Wheat middlings  Corn gluten feed 4129+71.6 160.4 + 42.6 65 11.62 0.01
Wheat middlings Rice meal 377.6 +59.4 127.9 +41.8 73.7 13.47  <0.01

'Relative consumption of ingredient A as a proportion of total feed intake over a 6-h

period.

“Tests whether relative consumption of ingredient A differs from 50%.
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Sorghum meal was preferred (P < 0.05) over barley meal, corn meal, CGF, oats
meal, and rice meal (Table 4.2), and no clear preference was detected between sorghum
meal and wheat midlings. Corn meal was preferred (P < 0.05) over CGF, oats meal, rice
meal, and wheat midlings, and barley was preferred (P < 0.05) over corn meal, oats
meal, and rice meal. The greatest feed consumption over the 6-h preference assays was
obtained with wheat meal (487 + 36.1 g), corn meal (437 + 34.2 g), barley meal (389 +
27.8 g), and sorghum meal (385 £ 35.1 g). A previous study conducted in young
Holstein calves (Bush, 1989) reported a preference for barley over corn, oats, and
wheat, but in that study calves had continuous access to the different ingredients from 3
to 17 wk of age, and thus preferences might not be directly linked to oro-sensorial
characteristics of the feeds but to post-ingestive effects among other factors. However,
Sporndly and Asberg (2006) found no differences in preferences (assessed as a function
of eating rate) among wheat, oats, and barley in a short-term study involving heifers.
Barley was used as a control feed and was offered repeatedly throughout the
experiment. This factor in conjunction with differences in age and gut development
might be responsible for the discrepancies found between the study by Sporndly and
Asberg (2006) and the results presented herein.

Calves consumed less rice meal and CGF compared to the other ingredients in all
preference assays. These two ingredients were not preferred in any test, and no
differences in oro-sensorial preferences by calves were detected between them,
indicating that rice meal and CGF have undesirable characteristics for young calves.
Interestingly, in piglets, rice is considered a highly palatable ingredient (Sola-Oriol et
al., 2009), but to our knowledge, no information is available for calves. Regarding CGF,
contrary to the results presented herein, Schroeder (2003) did not observe changes in
DMI when comparing four TMR for cows containing 0, 15, 30 or 45% of the total
dietary DM as wet CGF. Also, another study (Armentano and Dentine, 1988) involving
dairy cattle described that wet CGF up to 36% of dietary DM had no negative effects on
DMI. Again, the lack of consistent results among studies could be attributed to
differences in age and nutritional needs of the animals considered in each experiment

(adult cows vs calves).

Protein sources. Soybean meal was the most preferred feed among the six selected

protein ingredients (Table 4.3) as it was preferred in all five preference assays
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conducted. Overall, SBM consumption was greater (664 + 43.6 g) than that of the

remaining protein ingredients (average intake = 220 + 14.0 g). Dried distillers grains

were preferred over CGM, RSM, and SFM, suggesting that DDG was one of the most

desirable ingredient among the protein sources after SBM.

Table 4.3. Average consumption over a 6-h period and oro-sensorial preferences

(ingredient consumption as a proportion of total feed intake) by weaned calves

participating in 15 pair-wise comparisons between six selected protein ingredients.

Oro-sensorial

Consumption Consumption preference!

Ingredient A Ingredient B Ingredient A,g  IngredientB,g A/(A+B)x100 SE P-value?
DDG3 Corn gluten meal 407.5+51.1 69.5+25.3 86.0 11.05 <0.001

DDG Pea meal 644.8 + 85.2 490.8 £123.3 60.9 15.88 0.17
DDG Rapeseed meal 625.8+£80.4 176.1 +44.1 77.0 11.63  <0.001
DDG Sunflower meal 355.0+31.5 174.4 + 44.0 73.3 10.89  <0.001
Pea meal Corn gluten meal 497.1 +85.4 40.1 +24.1 88.3 12.27  <0.001
Rapeseed meal Corn gluten meal 286.8 £50.4 29.1+15.2 90.5 5.24 <0.001

Rapeseed meal Pea meal 125.6 +56.2 101.3 +37.4 53.1 13.24 0.63
Soybean meal Corn gluten meal 637.8 +49.5 8309 98.6 0.39 <0.001
Soybean meal DDG 666.1 +17.0 489 +4.3 97.4 1.46 <0.001
Soybean meal Pea meal 796.3 +180.0 28.2+43 87.8 7.99 <0.001
Soybean meal Rapeseed meal 618.8 £95.5 119+1.7 94.2 4.6 <0.001
Soybean meal Sunflower meal 602.3 £49.1 103.5 + 23.1 84.9 6.18 <0.001
Sunflower meal Corn gluten meal 580.8 £57.3 14.5+5.7 97.7 1.46 <0.001

Sunflower meal Pea meal 161.8 + 44.0 105.4 + 36.8 59.7 20.19 0.32
Sunflower meal Rapeseed meal 320.5+56.0 214 %53 88.3 7.33 <0.001

'Relative consumption of ingredient A as a proportion of total feed consumption over a
6-h period.
*Tests whether relative consumption of ingredient A differs from 50%.

’DDG: wheat distillers dried grains

In contrast, RSM and CGM were the two least preferred ingredients by calves, with

CGM being refused in all preference assays. Furthermore, total consumption of CGM

(32 + 7.7 g) by calves was clearly the least (P < 0.05) among all protein feeds evaluated.

Lardy and Kerley (1994) suggested that, when compared with SBM, rapeseed products

decrease feed intake in 200-kg steers due to the presence of glucosinolates in RSM. In

contrast, Bertilsson et al. (1994) described a preference for RSM over SBM in a long-

term experiment conducted with adult cows. Simlarly, Spoérndly and Asberg (2006)

reported that 550-kg pregnant heifers preferred RSM (heat-treated) over SBM.
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However, in the latter study, heifers were repeatedly exposed to different ingredients for
2 h twice a day during four consecutive days and consequently post-ingestive effects
might have influenced the results (Forbes and Kyriazakis, 1995; Provenza, 1995). In
any case, animals in the current experiment were much younger than those used in
previous studies, and thus, with limited previous oro-sensorial experiences that could

have influenced eating behavior and oro-sensorial preferences.

Oro-sensorial preferences for feeds are influenced by the interaction among
physicochemical characteristics and factors related to the animal and context in which
feeds are consumed. More precisely, chemical senses (i.e., smell, taste,...) aid ruminants
to select and ingest feeds by generating information in the form of sensory inputs about
the nutritional and anti-nutritional properties of feeds (Provenza, 1995). Within this
context, nutrients are thought to elicit tastes that trigger hedonism, like sweet by
carbohydrate (energy) sources, umami by protein sources, and salty by mineral sources.
In contrast, the stimulation of sour and bitter receptors appears to cause unpleasant
sensations that serve to warn the animal about deteriorated feed or toxic compounds,
respectively. In addition, ingredients are characterized by a particular volatile profile
(i.e., odor) that can be distinguished by the olfactory system of mammals (Zhou et al.,
1999; Sides et al., 2001). Although hundreds of volatiles are synthesized at different
stages of plant development, only a small subset helps animals recognize ingredients
and avoid consumption of poor or dangerous feeds (Goff and Klee, 2006). Studies on
flavor preferences and aversions indicate that flavor perception is also linked to the
nutritional value of feeds (Provenza, 1995, 1996; Myers et al., 2005). Interestingly,
CGF, oats meal, and wheat middlings had the greatest content of NDF and were among
the least preferred ingredients, but rice meal, which was the least preferred energy
source, had a low NDF content (Table 4.4). In the current study, the potential impact of
the nutritive value of a feed on palatability was likely minimal due to the relative short
duration of the test, and the oro-sensorial preferences shown by calves were most likely
affected by their basal nutritive status. (i.e. it is likely that oro-sensorial preferences
shown herein would be different that those shown by heifers at more advanced

developmental stages).

Physical texture can also alter oro-sensorial selection of feeds (Colebrook, et al.,

1985). In the present study, all ingredients were ground through a 3-mm mesh to
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minimize this potential inference, but nevertheless, the resulting particle size
distribution was slightly different for each ingredient (Table 4.5). Rice meal (the least
preferred energy feed) was the ingredient with the greatest proportion of particles
between 1 and 2 mm and the least proportion of fines (< 1 mm), but CGM, the least
preferred ingredient among the protein sources, had the greatest proportion of fines.
Contrary, SBM was the most preferred protein feed and had the greatest proportion of
particles larger than 2 mm. Again, it could be concluded that with the experimental
model used herein, factors that could potentially affect palatability, such as nutritive
value, post-ingestive effects, and particle size distribution had a minimal impact on the
results, and thus oro-sensorial preferences reported herein are largely a function of the

inherent characteristics of the evaluated feeds and the physiological status of the calves.

Table 4.4. Nutrient composition (% of DM) of eight energy and six protein ingredients

used to determined oro-sensorial preferences in weaned calves.

Ingredient CpP EE NDF ADF Ash
Barley meal 11.5 23 24.6 9.5 5.5
Corn meal 9.4 4.3 14.5 3.9 23
Corn gluten feed 22.2 23 443 11.0 8.3
Oats meal 12.7 4.0 30.8 12.6 34
Rice meal 8.3 1.1 34 1.0 0.9
Sorghum meal 12.5 3.5 13.5 6.3 2.5
Wheat meal 14.1 3.1 15.3 4.7 24
Wheat middlings 16.7 33 35.8 12.2 5.6
Corn gluten meal 72.6 0.9 24 0.6 34
Distillers dried grains 31.2 53 24.7 9.7 4.6
Pea meal 21.8 1.5 17.9 6.7 2.8
Rapeseed meal 43.1 2.5 31.1 20.0 9.2
Soybean meal 49.2 2.2 25.4 9.1 7.3
Sunflower meal 31.6 1.7 46.2 30.6 6.6
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Table 4.5. Particle size distribution of eight energy and six protein ingredients used to

determine oro-sensorial preferences in weaned calves.

Particle size, %

Ingredient <1 mm I mm- 2 mm >2 mm
Barley meal 59.58 39.52 0.21
Corn meal 74.44 24.55 0.11
Corn gluten feed 56.81 38.25 4.29
Oats meal 70.64 28.20 0.58
Rice meal 15.69 81.08 2.65
Sorghum meal 70.33 29.20 0.04
Wheat meal 68.20 29.94 0.93
Wheat middlings 77.70 21.06 0.51
Corn gluten meal 94.21 4.77 0.21
Distillers dried grains 61.17 28.47 9.72
Pea meal 82.93 16.19 0.23
Rapeseed meal 64.57 31.21 3.45
Soybean meal 21.32 44.24 33.49
Sunflower meal 69.23 25.94 3.96

4.3.2. Experiment 2: Oro-sensorial preferences for corn gluten feed, wheat meal,

corn gluten meal, and soybean meal mixtures

Concentrate mixtures containing SBM were preferred over those containing CGM
except for the mixture CGM:wheat meal (Table 4.6), with the mixture containing SBM
and wheat being the most preferred. These two ingredients were the most preferred by
calves in experiment one. Interestingly, when two mixtures containing one palatable and
one unpalatable ingredient (SBM:CGF vs CGM:wheat meal) were compared, no
differences in preferences were found. However, calves showed a clear preference (P <
0.05) when either of these two mixtures were compared with mixes composed of two

unpalatable ingredients (CGM:CGF). These results suggest that preferences for highly
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palatable ingredients (i.e. wheat meal or SBM) can be maintained even when these are
part of a mixture containing a high proportion of unpalatable feedstuffs (i.e. CGM or
CGF). These results are in agreement with those reported elsewhere (Armentano and
Dentine, 1988; Schroeder, 2003) describing no differences in DMI with increasing
proportions (up to 33 to 45%) of wet CGF in the diet of dairy cows.

Table 4.6. Average consumption over a 6-h period and oro-sensorial preferences
(ingredient consumption as a proportion of total feed intake) by weaned calves

submitted to 6 pair-wise comparisons between four mixtures (50:50).

Consumption Consumption  Oro-sensorial

Mixture A Mixture B Mixture A, g Mixture B,g  preference’ SE P-value’
SBM:Wheat meal CGM:CGF 713.3+59.3 30.6 +9.8 95.7 2.66 <0.001
SBM:Wheat meal CGM:Wheat meal 472.4 £ 81.7 50.0 + 14.4 83.1 11.37 <0.001
SBM:Wheat meal SBM:CGF 500.9 £95.1 90.9 +£24.7 80.2 11.42 <0.001

SBM:CGF CGM:CGF 2233+35.4 47.6 +£10.6 81.5 5.82 <0.001

SBM:CGF CGM:Wheat meal  258.6+38.5  206.9+43.2 58.6 11.34 0.130
CGM:Wheat meal CGM:CGF 439.5+101.3  106.7+31.3 81.8 8.1 <0.001

' CGF: corn gluten feed; CGM: Corn gluten meal; SBM: soybean meal.

*Relative consumption of mixture A as a proportion of total consumption of mixture A
plus mixture B over a 6-h period.

STests whether relative consumption of ingredient A differs from 50%.

4.4. Conclusions

Wheat meal was the most preferred, and corn gluten feed and rice meal the least
preferred energy ingredients by young calves among the eight feeds evaluated in this
study. Soybean meal was the most, and corn gluten meal the least preferred ingredient
among the six protein sources assessed herein. Oro-sensorial preferences for highly
palatable ingredients are maintained when these represent a large proportion (50%) of a
compound feed. Therefore, if the aim is improving oro-sensorial characteristics of
starter feeds for young calves, the inclusion of wheat meal, sorghum meal, corn meal,
and soybean meal, should be prioritized over the inclusion of barley meal, wheat
middlings, oats meal, corn gluten feed, rice meal, distillers dried grains, sunflower meal,

pea meal, rapeseed meal, and corn gluten meal.
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STUDY 3:

EFFECT OF FLAVORING A STARTER IN A SAME MANNER AS A MILK
REPLACER ON INTAKE AND PERFORMANCE OF CALVES.
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5.1. Introduction

Recently, Thomas et al. (2007) reported that calves seem to have a preference for
orange smell of water, and other authors have reported a preference for sweet products
on feeds for ruminants (Goatcher and Church, 1970a; Nombekela and Murphy, 1995).
In addition, it has been hypothesized that feeding behavior of ruminants is influenced by
previous experience with different feed types (Provenza and Balph, 1987). This
hypothesis has been reinforced by Simitzis et al. (2008), who described that lambs
selected in favor of feeds with flavors to which they had been exposed to early in life.
Therefore, the objective of the current study was to determine whether flavoring a MR
and a subsequent starter with an orange flavor combined with a sweetener would

increase solid feed intake around weaning.

5.2. Materials and methods

5.2.1. Animals and design

Twenty-two male Holstein calves (22+£1.6 d old and 51.2+0.82 kg of BW) were
purchased from commercial farms and raised in the facilities of IRTA (Prat, Spain)
under the guidelines of the IRTA Animal Care Committee. Calves were individually-
housed in wooden pens (Imx1.55m) bedded with sawdust. These pens were in a barn
with forced ventilation. Starting the first day of study, all calves received the same MR
(Sprayfo, Slote, Holland) flavored with a sweetener completed with orange smell
(Luctarom® SFS-R, Lucta, Spain), was added to the MR at a rate of 1 g/kg just before
mixing it with water (Table 5.1). All animals were offered the same unflavored starter
(Table 5.1). Water and starter were offered ad libitum until the end of study at 56 d.
Water was offered in individual buckets, and the starter was offered in individual metal
troughs. MR was fed in buckets twice daily (2 L each time) at 0730 and 1630, at 125
g/L DM during the first 35 d of study. The experimental period of the study started at
day 35, when MR was reduced to 2 L per day offered at 07:30. Each treatment group
was composed of 11 calves. One treatment group continued to receive the unflavored
starter (SO) whereas the other group (SF) was switched to the starter supplemented with
the same flavor that was added to the MR at the rate of 1.3 g/kg before pelleting (Table
5.1). The change of starter was applied at this moment rather than at the beginning of

the study to allow the assessment of a direct effect of flavor on an hypothetical increase
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in solid feed consumption during weaning and avoid potential confounding effects due

to previous exposure. Calves were completely weaned 7 d after MR was reduced to one

daily offer, at 42 d of study, and the experiment was concluded 14 d later.

Table 5.1. Ingredient and nutrient composition (% of DM) of starters and milk

replacers.
Starter 0 Starter F Milk replacer
Ingredients
Barley 5 5 .
Corn 22.4 22.3 -
Oats 18 18 -
Wheat 5 5 -
Soybean 21 21 -
Wheat middlings 28 28 -
Dry sweet whey - - 18.9
Salt 0.09 0.09 -
Premix 0.4 0.4 -
Calcium carbonate 0.08 0.08 0.1
Dry skim milk - - 56
Palm oil - - 10
Wheat starch - - 8
Coconut oil - - 7
Flavor - 0.13 -
Nutrients

DM 89.8 89.7 95.7
NDF 21.9 22 -
ADF 7.5 8 -
CP 13.4 13.2 16.9
Ether extract 3.7 3.6 18
Ash 4.5 4.7 6.7

5.2.2. Measurements and chemical analyses

Consumption of MR was recorded daily for each calf. Individual starter intake was

recorded daily and body weight (BW) weekly. Samples of MR and starter were
analysed for DM (24 h at 103 °C), ash (4 h at 550 °C), N content using the AOAC
(2000) method (988.05) adapted for an automatic distiller Kjeldhal (Kjeltec Auto 1030

Analyser, Tecator, Sweden) and using CuSO4/Se as a catalyst instead of CuSO4/Ti02,

EE following the AOAC method (920.39) using petroleum ether for distillation instead
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of diethyl ether (AOAC, 2000), aNDFom, with sodium sulphite and heat-stable alpha-
amylase (Van Soest et al., 1991), and ADFom following the AOAC (2000) method
(973.18).

5.2.3. Calculations and statistical analyses

ADG was calculated by dividing the weekly increases in BW by seven (assuming a
linear increases). Applying this ADG, BW at every day within each week was estimated
to determine the ratio DMI/BW on a daily basis. Feed consumption during days 28-35
(i.e., before MR offer was reduced to one daily dose) was used to calculate the daily
average feed consumption the week preceding the beginning of the experimental period.
This average consumption was later used as a reference to calculate the increase in daily
intakes of solid feed following the reduction of MR offer that was expressed as a
percentage of the feed intake level during days 28-35 of study. In addition, calves were
classified as “low” or “high” intake according to the level of solid feed consumption
during the week preceding the reduction of MR offer and start of the experimental
period (i.e., during days 28-35 of study). The group of “low intake” included the 5
calves that had intakes below the median solid feed consumption within each treatment
group, whereas the group classified as “high intake” included the remaining six calves
that had intakes above the median solid feed consumption within each treatment group.
Average feed consumption during days 28-35 was 612+54.5 g/d for the “low intake”
group, and 1331+110.5 g/d for “high intake” group.

The effect of flavor on DMI, ADG, feed conversion index (CI), and increase in starter
intake after reducing MR offer to one daily dose were compared using a mixed-effects
model that accounted for the random effect of calf, and the fixed effects of pre-weaning
solid feed consumption level, flavor in the starter, day (or time of measurement) and
their 2-way and 3-way interactions. Time was included in the model as a repeated

measure.
5.3. Results

Average total intake across the 21 d of the experimental period was similar among
treatments (Table 5.2). Although not significant, starter intake from days 35 to 56 (i.e.,
after reducing MR offer) increased more for calves in the SF (148.9%) than for those in
the SO (123.1%) treatment (Fig. 5.1). However, calves classified as “low intake” had a
greater (P<0.001) DMI increase (184.2+18.94%) than those classified as “high intake”
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(87.8£17.30%) when MR was reduced to one daily dose (from 35 to 42 d of study), and
totally removed (from 42 to 56 d of study). Within the “low intake” group, feed intake
(as g/kg of BW) of calves fed SF was numerically (P=0.11) greater than that of calves
fed SO (Table 5.3). In contrast, there were no differences in the increase in DMI before

and after weaning within the group of calves classified as “high intake”.

Table 5.2. Effect of flavour addition to a milk replacer (MR) and a starter on body

weight (BW), starter consumption, average daily gain (ADG), and conversion index

(CI).

Item Treatment P-value

SO SF SE Starter ~ Time x Starter
Initial age, d 21.9 222 2.30 - -
Initial BW, kg 51.4 50.8 1.20 - -
Starter intake during the first Swk, g/d  568.1  486.9 67.65 0.40 0.99
Starter intake during the 5th wk, g/d 996.2  946.8 96.28 0.72 0.80
Starter intake/BW during the first 5
wk, % of BW 0.91 0.80 0.08 0.34 0.98
Starter intake/BW during the 5th wk,
% of BW 1.49 1.44 0.10 0.75 0.77
ADG during the first 5 wk, kg/d 0.41 0.44 0.05 0.74 0.45
ADG during the 5th wk, kg/d 0.57 0.69 0.09 0.38 -
CI' during the first 5 wk, kg/kg 1.44 2.31 0.54 0.27 0.12
CI during the 5th wk, kg/kg 4.01 2.86 0.85 0.35 -
Experimental period (21 d)
Initial BW, kg 66.5 66.6 2.97 0.99 -
Final BW, kg 82.5 84.9 4.34 0.70 -
Starter intake, g/d 1945.0 2115.0 122.21 0.33 0.60
Starter intake/BW, % of BW 2.57 2.77 0.09 0.14 0.95
Consumption increase, % of previous
consumption (5th wk) 123.1 148.9 18.14 0.32 0.99
ADG, kg/d 0.74 0.87 0.07 0.18 0.60
Cl, kg/kg 2.12 2.90 0.59 0.36 0.27
Total intake, g/d 1103.5 1118.8 81.9 0.89 <0.05
Total intake/BW, % of BW 1.55 1.56 0.07 0.93 0.08
Total ADG, kg/d 0.54 0.60 0.05 0.35 0.56
Total CI, kg/kg 1.69 2.52 0.45 0.20 0.13

"CI = kg of starter consumption / kg of BW gain.
SO: Starter control. SF: Starter with flavour.
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Table 5.3. Effect of flavour addition to a milk replacer (MR) and a starter on starter consumption, average daily gain (ADG), and conversion

index (CI) classified as high or low eaters.

High intake Low intake P-value

Feeding Time x Time x
Item SO SF SO SF SE Starter Level (FL)Starterx FL Starter FL
Starter intake from 6 to 8 wk, g/d 2459 2383 1430 1846 172.6 0.33 <0.001 0.15 050  0.94
Starter intake/BW from 6 to 8 Wk, ) 930 5 g1a 590 5600 013 014  <0.001 0.1 091  0.65
% of BW

o .

Consumption increase, % of 83.0 925 163.1 2053 25.63 032 <0.001 0.52 0.99  <0.001
previous consumption (5th wk)
ADG (kg/d) from 6 to 8 wk 0.98* 0.92* 0.50° 0.82° 0.10 0.18  <0.05 0.06 060 091
CI from 6 to 8 wk' 268 283 157 297 084 036 057 0.46 027 046

'CI = kg of starter consumption / kg of BW gain.

MO-S0: Milk replacer control and starter control. MO-SF: Milk replacer control and starter with flavour. MF-S0: Milk replacer with flavour and

starter control. MF-SF: Milk replacer with flavour and starter with flavour.
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However, calves on the SF treatment, showed a numerically lower feed consumption
than SO calves (2383 g/d vs 2459+172.6 g/d). Flavor addition to the starter did not
influence overall ADG during the experimental period (Table 5.2).

Figure 5.1. Increase of intake (daily intake/daily average intake during the 5™ wk of
study) of calves as affected by treatments: SO (o) or SF (). The arrow marks the

weaning day.
2500
200 7

150 7

study)

[

Yelnerease [daily starter intake/day
avergac intake doring the Sth week of

1 2 3 4 5 6 7 8 9 1010 12 13 14 15 16 17 18 1% 20 2]

Days of study

SO: Starter control. SF: Starter with flavour.

Within the “low intake” group (Table 5.3); however, SF calves tended (P = 0.06) to
grow faster (0.82+0.062 kg/d) than SO calves (0.50+0.075 kg/d) during the experimental
period, and they almost grew as fast as the calves in the ‘“high intake” group
(0.95+0.062 kg/d). Contrary, within the “high intake” group, SO and SF calves showed
similar ADG. As a result, the coefficient of variation for ADG from days 35 to 56 of
study was numerically reduced from 39 to 17.6% by the addition of flavor in the starter.
The CI was unaffected by treatments (flavor or plain) and intake groups (high or low

intake) of calves (Tables 5.2 and 5.3).
5.4. Discussion

Overall, the presence of flavor in the MR was not clearly related with the consumption

of solid feed. Thomsen and Rindsig (1980) also reported a lack of evidence for an
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associative effect between flavored MR and a similarly flavored starter. In contrast,
Morrill and Dayton (1978) succeeded in increasing the amount of starter consumed by
calves fed the same flavor in the milk and in the starter compared to those that did not.
Differences between studies could be attributed to the type of MR or the type of flavor
used in the starter, but probably the main factor was that in the present study, calves
were exposed to flavored MR for the first time at the age of 23 d, whereas Morrill and
Dayton (1978) presented the flavor at the age of 2 d. In addition, Morrill and Dayton
(1978) registered feed consumption from 21 to 42 d of life, but in the current study
calves were offered flavored starter at an approximate age of 58 d (22 d of age plus 36 d
of study). Furthermore, Morril and Dayton (1978) reported a starter consumption of
about 905 g/d for the flavor group and 763 g/d for the control (plain) group during the
last week of study. Whereas in the current study, calves consumed, on average, 1123
g/d when starters were changed at 35 d (58 d of age) of study, with 8 calves consuming
more than 2 kg/d of solid feed at weaning. Several authors have suggested (Galef and
Henderson, 1972; Galef and Sherry, 1973) that mother’s milk contains gustatory cues
reflecting the flavor of her diet that can influence dietary preference of the offspring at
weaning time, provided they consume milk since birth. It is possible, therefore, that the
expected effects of using the same flavor to facilitate the association between the MR
and the starter might have been hampered by the relatively late age of calves when first
exposed to the flavor studied, or by the short adaptation period to the flavored starter.
On the other hand, the addition of flavor to the starter increased consumption of solid
feed by calves classified as “low intake”. Based on these observations, it seems
reasonable to suggest that the positive effects of flavor in the starter are more
pronounced in animals with low, rather than high, solid feed intake preceding weaning.
As a result of the greater consumption of solid feed between days 35 and 56 of study
observed in the “lower intake” calves within the SF treatment, calves in the SF
treatment had a greater ADG than SO calves within “low intake” group. This result
further supports that flavoring MR and starter jointly could encourage animals with
poor appetite to consume more solid feed and consequently improve growth rate around
weaning. Although non-significant, the coefficient of variation in the SF calves was
lower than that observed in the S0, and a reduction in coefficient of variation is always
desirable because it makes feeding and management of the animals easier than if large

differences exist among calves within the same group.
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5.5. Conclusions

In summary, flavoring the starter of calves may have nil effects on animals with
average or above-average appetite. However, offering flavored solid feeds around
weaning to animals with a low drive to eat (less than about 600 g/d) may stimulate feed
intake and increase growth performance after weaning. As a consequence, variations in
performance parameters and final BW might be reduced facilitating more homogeneous

animal groups.

64



Chapter 6

STUDY 4:

VOLUNTARY SELECTION OF STARTER FEED INGREDIENTS OFFERED
SEPARATELY TO NURSING CALVES
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6.1. Introduction

Theoretical nutrient requirements of calves are based on the average response of a
group of animals in a specific dietary treatment. However, each animal may have
different individual feed preferences, nutrient tolerances (Provenza et al., 1996; Villalba
and Provenza, 1996; Scott and Provenza, 1999) and nutrient needs (Provenza et al.,
2003). Pelleted or TMRs may force calves to over- or under-consume particular
nutrients with respect to their individual needs. Small ruminants have demonstrated the
ability to select a diet adequately balanced for macronutrients when offered the
opportunity to choose among different ingredients or diets (Kyriazakis and Oldham,
1993; Villalba and Provenza, 1999; Scott and Provenza, 2000; Bach et al., 2012).
Furthermore, in some instances, ruminants have been able to meet their nutritional
needs more accurately when offered a choice of ingredients than when feeding a single
diet (Provenza, 1996; Early and Provenza, 1998). Our hypothesis was that newborn
calves offered a choice of different ingredients would be able to meet their nutritional
needs by properly selecting different proportions of the available ingredients compared
to those calves offered a single solid feed. Thus, the objective of this study was to
evaluate the benefits of providing a choice of different ingredients compared to a single

concentrate to young calves.

6.2. Materials and methods

6.2.1. Animals, housing and milk feeding

Thirty-eight Holstein male calves (initial live weight 41.0 kg and 7 days of age) were
purchased from commercial farms and raised in the facilities of Mas Jonquer (Parets
d’Emporda, Spain). After arrival, all calves received 3 ml of a broad-spectrum antibiotic
(Draxxin, tulathromycin, Pfizer Animal Health, Spain). Furthermore, calves were
vaccinated against respiratory syncytial virus (2 ml of Rispoval RS, Pfizer Animal
Health, Spain) 3 days after arrival. Calves were housed in individual hutches (1.10 x
1.40 m) with an open area (1 x 1.25 m) during the 35 days of study. Hutches were
bedded with sawdust every 3 days. Calves were managed under the guidelines and
approval of the Animal Care Committee of IRTA (Barcelona, Spain). Each hutch had
seven places to hold buckets that contained different feeds and water separately. A

commercial MR [24% crude protein (CP) and 19.5% fat, Sereno, Celtilait, France] was
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offered in a bucket twice daily at 0700 and 1600 h. Calves received 4 1 per day of MR at
10% DM dilution rate until 28 days of age (21 days of study). From 28 to 35 days of
age, calves received only a morning feeding of 2 1 at 10% DM. Animals were weaned at

35 days of age, and the study ended when calves were 42 days old (day 35 of study).

6.2.2. Treatments, feed sampling and chemical analyses

The day after arrival, animals were weighed and randomly distributed according to
BW and age in two treatments: control (CTR) or free-choice (CH). Calves in CTR
treatment (40 = 1.2 kg of BW and 7 £ 0.7 days of age) were fed a ground starter feed,
whereas each calf in CH treatment (42 + 1.2 kg of BW and 7 + 0.8 days of age) received
the same ingredients (barley, corn, oats, full fat soybean, soybean hulls, and soybean
meal) that composed CTR starter feed offered in separate buckets. The six ingredients
were offered in the same location for each calf on CH treatment during all the study. To
avoid potential interference of particle size on preference or nutrient selection, all
ingredients were ground to 3 mm. Despite this fact, not all ingredients present the same
distribution of particle size, for this reason, 100 g of each ingredient were sieved
through a 2- and 1-mm mesh to determine the particle size distribution. Throughout the
study, individual daily intake of starter and ingredients was recorded. Buckets were
checked on a daily basis to ensure ad libitum provision of feed. Calves were weighed at
the same time each day on two consecutive days each week during the 5 weeks of study.

To determine DM and nutrient content of the experimental feeds (starter feed or
individual ingredients), fresh samples of each feed were taken on a weekly basis and
frozen at -20 °C. After completion of the experiment, these samples were thawed and
pooled within feed and sent to Laboratorio de Mouriscade (Pontevedra, Spain) for
analysis of DM (24 h at 103°C), ash (4 h at 550°C), NDF with heat-stable—amylase and
sodium sulfite (Van Soest et al., 1991), nitrogen content using the AOAC (2000)
method (988.05), and EE using the AOAC method (920.39) using petroleum ether for
distillation instead of diethyl ether (AOAC, 2000).
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6.2.3 Calculations and statistical analyses

Ingredient consumption (g/d) of the CTR calves was estimated using the proportion
of each ingredient in the starter feed multiplied by the consumption of starter feed. The
CP to energy ratio was calculated as the total CP consumption from all ingredients
divided by the total metabolizable energy (ME) consumed from all ingredients. For the
CTR calves, the CP to energy ratio was fixed at 53 g of CP/Mcal of ME. The ME
content of each ingredient was calculated based on NRC (2001). The efficiency of CP
utilization was calculated as the ADG divided by the total CP consumption (from MR
and starter feed). To define the particle size distribution, the weight of the different
fractions (<1 mm, 1-2mm, and >2 mm) was expressed as a proportion of total sample
weight (g of fraction/ g of total sample).

All data were summarized by calf and week. Data pertaining to total DMI, nutrient
intake, ingredient intake, MR intake, ADG, gain to feed ratio, and CP efficiency were
analyzed with a mixed-effects model for repeated measures. The statistical model
included initial BW as a covariate, treatment, week of study and the 2-way interaction
between treatment and week as fixed effects, and animal as a random effect. Due to the
lack of normality, data pertaining to intake of starter feed, individual ingredients, and
single nutrients were root square-transformed prior conducting the statistical analysis.
Least square means presented herein for intake of total feed, individual ingredient and
single nutrients correspond to non-transformed data, and SEM and P-values correspond
to the results from mixed effects model using root-square transformed data.

The CP to energy ratio was analyzed using a one-sample comparison t-test to assess
whether the ratio of CH group differed from 53 g of CP/Mcal of ME (the ratio offered
in the CTR treatment).

Last, individual consumption of each separate ingredient among the CH calves was
also analyzed separately with a mixed-effects model for repeated measures. The
statistical model included ingredient, week of study, and their 2-way interaction as fixed

effects, and animal as a random effect.

6.3. Results

The chemical composition of the starter concentrate and the tested ingredients are

presented in Table 6.1. The resulting particle size distribution was slightly different for
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each ingredient (Table 6.2), despite all ingredients were ground through a 3-mm mesh

to minimize the potencial interference of physical texture.

The effects of providing a choice of different ingredients compared to a single
concentrate on total feed intake, performance, nutrient and ingredient intake data are
presented in Table 6.3. No differences were observed between CTR and CH calves on

solid feed intake, MR consumption, BW, ADG and gain to feed ratio (Table 6.3).

Table 6.1. Ingredients and chemical composition of the starter feed, and chemical

composition of the individual ingredients.

Ingredient'

[tem Starter CM SBM OM BM SBH FFSB

Starter composition, % DM

- 472 20.0 11.0  10.1 8.0 1.2
Chemical composition

CP, % of DM 17.7 8.9 49.1 11.9 109 13.1 42.6
EE, % of DM 3.9 3.7 24 5.6 2.1 33 21.3
NDF, % of DM 201 140 179 37.6 2377 69.4 12.4
NFC, % of DM 526 71.8 235 39.8 599 9.5 17.5
Ash, % of DM 5.1 1.3 6.2 4.5 3.0 4.2 5.5
ME, Mcal/kg of DM 33 33 3.8 3.1 3.2 2.8 4.8

" CM = Corn meal; SBM = Soybean meal; OM = Oats meal; BM = Barley meal; SBH =
Soybean hulls; FFSB = Full fat soybean.

Table 6.2. Particle size distribution of ingredients offered to CH calves.

Particle size, %

Ingredient <1 mm I mm- 2 mm >2 mm
Barley meal 59.58 39.52 0.21
Corn meal 74.44 24.55 0.11
Oats meal 70.64 28.20 0.58
Soybean hulls 77.70 21.06 0.51
Soybean meal 21.32 44.24 33.49
Soybean full fat 69.23 25.94 3.96

70



Study 4

There were no differences in total ME consumption between CH and CTR animals.
However, the energy source differed between CTR and CH calves. Calves in the CH
treatment consumed more (P < 0.01) fat and less (P < 0.01) NFC than CTR calves
(Table 3), especially during the last 2 weeks of study (Figure 6.1). Calves in CH group
consumed more (P < 0.01) CP (166.9 + 8.29 g/d) than CTR calves (132.5 + 8.29 g CP
/d). Therefore, calves on the CH group consumed a greater (P < 0.01) dietary CP to
energy ratio of (81 g of CP/Mcal of ME) than CTR calves (53g of CP/Mcal of ME).
However, the difference in CP consumption did not influence ADG, consequently, CTR
calves had a greater (P < 0.05) efficiency of CP utilization for growth than CH animals
(0.62 vs 0.41 g of ADG / g of CP consumed).

Table 6.3. Performance, dry matter, and nutrient intake of calves fed a starter feed or

the same ingredients in separate buckets'.

Treatment’ P-value®
CTR CH SE* T W TxW
Performance and intake
Solid feed intake, <0.01
kg/d 0.38 0.36 0.99 0.83 0.20
Milk replacer, kg/d 0.27 0.27 0.02 0.53 <0.01 0.82
BW, kg 46.2 46.5 0.67 0.75 <0.01 0.86
ADG, kg/d 0.31 0.32 0.03 0.92 <0.01 0.49
Gain to feed ratio, kg/kg 0.47 0.47 0.05 0.95 <0.01 0.51
Nutrient intake from solid feed
CP, g/d 67.3 105.5 0.48 <0.01 <0.01 0.27
NDF, g/d 76.6 84.6 0.47 0.63 <0.01 0.23
NFC, g/d 200.5 131.2 0.71 0.02 <0.01 <0.01
EE, g/d 14.9 22.8 0.24 0.03 <0.01 0.40
ME, Mcal/d 1.25 1.32 0.05 0.66 <0.01 0.32
Ingredient intake, g/d
Barley 38.6 56.7 0.61 0.59 <0.01 0.95
Corn 180.5 67.1 0.72 <0.01 <0.01 <0.01
Oats 42.1 13.0 0.46 <0.01 <0.01 <0.01
Soybean meal 76.5 118.4 094 0.58 <0.01 0.61
Full fat soybean 4.6 67.1 0.56 <0.01 <0.01 0.01
Soybean hulls 30.6 39.1 0.42 0.92 <0.01 0.01

'Data are weekly averages from 19 calves on each treatment

’CTR = calves offered a starter feed; CH = calves offered all the ingredients that
composed the CTR starter feed separately.

3 T = effect of feeding either a started feed or its ingredients in different buckets; W =
effect of week of study; T x W = interaction of week and treatment.
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*Standard error. SE of the solid feed intake, nutrient intake and ingredient intake
corresponds to root-transformed data, whereas are non-transformed.

The differences in CP, NFC, and EE consumption were mainly a consequence of
changes in intake of corn, oats, and full fat soybean between the two treatments (Table
6.3). Calves on the CTR treatment consumed more (P < 0.01) corn and oats than CH
calves, and therefore more NFC. However, CH calves consumed more (P < 0.01) full
fat soybean than CTR animals, and therefore more CP and EE (Figure 6.2).

Furthermore, during the first and the third week of study, CH calves tended (P <
0.10) to consume more soybean hulls than CTR calves (Figure 6.2), and no differences
were observed in barley and soybean meal consumption between treatments (Figure

6.2).
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Figure 6.1. Daily consumption of dry matter, crude protein, fat (as ether extract),
neutral detergent fiber and non-fiber carbohydrates during the 5 weeks of study in

control (m) and free-choice (O0) calves.
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Figure 6.2. Daily consumption of corn, oats, full fat soybean and soybean hulls during

the 5 weeks of study in control (m) and free-choice (O0) calves.
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Within the CH calves, soybean meal was consumed the most (P< 0.01) over the other
5 ingredients (Figure 6.3), whereas oats was the least consumed ingredient followed by
soybean hulls. Furthermore, observing the variation among days on feed intake, the

preference for soybean meal was numerically increasing during the experiment (Figure
6.4).

Figure 6.3. Ingredient consumption of calves offered a choice of six ingredients during

the 35 days of study.
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6.4. Discussion

The lack of differences in solid feed intake between the two treatment in the current
study is in disagreement with Atwood et al. (2001) who reported that calves offered a
choice of different feeds (barley, rolled corn, corn silage and alfalfa hay) tended to eat
less than those offered a total mixed-ration. On the other hand, in agreement with the
present study, Atwood et al. (2001) reported that the ADG did not differ between
animals fed the mixed ration and those allowed to select a diet from separate
ingredients. However, the animals in that study were older than the calves in the current
study, and these old animals had previous experiences with solid feed. In the current
study calves did not have previous experiences with solid feed, in contrast to previous
studies (Kyriazakis and Oldham, 1993; Villalba and Provenza, 1999; Scott and
Provenza, 2000; Bach et al., 2012) that reported that ruminants are able to meet their

75



Study 4

nutrient requirements. During the first days of age calves did not consume greater
amounts of solid feed, because their diet is based on MR. This fact taken in conjunction
with the fact that CH calves were able to choose among different ingredients, make it
more difficult for the animal to associate a post-ingestive effect or a consequence with
the ingredient responsible. However, as described in figure 6.4, CH calves increased
ingredient consumption of some ingredients, such as soybean meal, whereas other
ingredient consumption, such as oats, was reduced. Suggesting that calves perceived

some benefits or disadvantages of these different ingredients.

Despite the lack of differences in solid feed intake herein, there were differences in
consumption of specific nutrients such as EE, NFC, and CP. The increase in fat
consumption showed by CH calves could be potentially explained by early experience,
because, during the nursing period, calves obtained most of the dietary energy from the
fat present in the MR. Thus, it would seem reasonable to expect that CH calves would
have a preference for fatty ingredients in front of ingredients rich in carbohydrates.
Although CP consumption was greater in CH than CTR, no differences were observed
in DMI, suggesting that there was no negative post-ingestive effect as a consequence of
a potential ammonia toxicity as suggested by Lobley and Milano (1997) when offering

excessive dietary CP to energy ratios.

The CH calves consumed an unbalanced CP to energy ratio. In contrast to previous
studies (Kyriazakis and Oldham, 1997; Villalba and Provenza, 1999) that suggested that
herbivores can balance the supply of energy and nitrogen by selecting different
ingredients, results herein suggest that CH calves prioritized the consumption of CP
without properly balancing it with energy intake. The NRC (2001) recommendations for
protein content in calf starter is about 18% CP and this percentage decreases as the BW
of animals increases. However, Akayezu et al. (1994) reported improvements in
performance when a 19.6 % CP starter feed was offered compared to 15% or 16.8% CP
starter feeds, but no advantages were observed when feeding a 22.4 % CP starter feed.
In the current study, CTR animals consumed a solid feed containing 18 % of CP,
whereas the CP content of the mixture of ingredients freely consumed by CH group was
29%, clearly indicating that CH calves over-consumed protein and failed to adequately
select ingredients to meet their needs. The dairy NRC (2001) predicts that calves of 45
kg of BW fed a MR and a starter feed require 125 g/d of CP to achieve an ADG of 300
g/d, respectively.
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Figure 6.4. Variation among daily intake of CH calves for the different ingredients offered.
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Study 4

However, in the present study, calves in CH group consumed more CP than CTR
calves and gained BW at the same pace (315 g/d), which resulted in a poor efficiency of
CP utilization for growth in the CH calves. The poor efficiency of CP utilization was
probably due to the fact that ME consumption of CTR and CH calves (2.48 Mcal/d) was
within NRC (2001) recommendations for calves of 45 kg of BW growing at 200 g/d
(2.31 Mcal/d) or 400 g/d (2.96 Mcal/d), and thus ME was dictating or limiting growth.
This indicates that calves failed to select an adequate combination of ingredients to
achieve an increased supply of energy, which would potentially allow an improved
ADG and efficiency of protein utilization. Furthermore, the lower NFC consumption in
the CH compared to the CTR calves, could have impaired microbial protein synthesis

(Bach et al., 2005) and this could have further compromised growth of CH calves.

The differences in CP, NFC and EE consumption were mainly a consequence of
changes in intake of corn, oats, and full fat soybean between the two treatments.
Because corn and oats were two main sources of NFC, and CH calves reduced the
consumption of these two ingredients compared to CTR calves (fixed formula), NFC
intake was lower in CH than in CTR calves. On the other hand, full fat soybean intake

was greater in CH than in CTR calves leading to increased consumptions of CP and EE.

Regarding the ingredient consumption or preferences within CH calves, soybean
meal (32.8% of solid feed intake) was the ingredient consumed the most, followed by
corn (19.3%), full fat soybean (18.1%), barley (15.4%), soybean hulls (10.8%), and oats
(3.5%). Therefore, 50.9% of the CH solid diet corresponded to soybean meal and full
fat soybean. Montoro et al. (2010) reported that young calves had oro-sensorial
preference for soybean meal in short-term assays. It appears that in the current study,
calves selected separate ingredients based on oro-sensorial preference or palatability

rather than nutrient balance.

6.5. Conclusions

In summary, young calves given a choice among six separate ingredients selected a
diet high in CP and fat, and low in NFC compared to calves that received a fixed
mixture of the same six ingredients. Furthermore, calves offered a choice showed a
marked preference for soybean meal and rejected oats. Despite these differences in

ingredient and nutrient intake between a free-choice and a fixed diet, no differences
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were observed in total intake of solid feed, ADG, and gain to feed ratio. It appears that
calves between 7 and 42 days of age select ingredients based on aspects different than

nutrient supply.
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Chapter 7

STUDY 5:

EFFECT OF PHYSICAL FORM OF FORAGE ON PERFORMANCE,
FEEDING BEHAVIOR, AND DIGESTIBILITY OF HOLSTEIN CALVES
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7.1. Introduction

Ingestion of solid feed is necessary to stimulate rumen development in the young calf
and facilitate the transition from a pre-ruminant to functioning ruminant. This transition
involves changes to the intestinal tract, as tissues must convert from reliance on glucose
supplied from milk to the use of short-chain fatty acids as primary energy substrates
(Baldwin et al., 2004). In the pre-weaned dairy calf, the intake of solid feed, particularly
that high in carbohydrates, stimulates rumen microbial proliferation and VFA
production, which subsequently stimulates development of rumen papillae (Sander et
al., 1959; Warner, 1991). Forage intake contributes less to rumen papillae development
(Tamate et al., 1962), forage stimulates development of the rumen muscular layer.
Furthermore, forage intake promotes rumination (Hodgson, 1971; Phillips, 2004) and
maintains the integrity and health of the rumen wall (Haskins, 1969; Suérez et al.,
2007). Introducing forage during the milk feeding period has been found to improve
ADG, total DMI (Castells et al., 2012; Khan et al., 2011), and feed efficiency
(Coverdale et al., 2004).

In addition to forage content of the diet, particle size also influences the ruminal
environment. Feeding diets that are chopped or ground to fine particle sizes results in
decreased rumen pH and cellulolytic bacteria populations (Beharka et al., 1998). While
particle size clearly affects rumen environment, it is unclear whether fiber particle size
or total fiber content of pre-weaned calf diets has the greatest influence on early rumen
development . The objective of this study was to evaluate the effects of particle size of
forage mixed with a starter concentrate on calf performance, digestibility and feeding

behavior.

7.2. Materials and methods

7.2.1. Animals and housing

Twenty Holstein male calves (46.8 + 1.2 kg) participated in this study. Calves
received colostrum (at least 4 L within the first 12 h of life) and were enrolled in the
study within 48 h of birth. All calves received 2 mL of a vitamin supplement containing
vitamins A, D, and E (E-Master, Vétoquinol Canada Inc., Lavaltrie, QC, Canada), 1 mL
of selenium (Dystosel, Pfizer Animal Health, Kirkland, QC, Canada), and 1 mL of a
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broad-spectrum antibiotic (Draxxin, tulathromycin, Pfizer Animal Health, Kirkland,
QC, Canada) i.m. on the day they were placed on the study. One calf experienced scours
for more than 1 d and was therefore treated with electrolytes; however, none of this
scouring occurred past the first 2 wk of life, and no further cases of illness requiring

treatment occurred.

Calves were housed in individual pens (1.2 m wide x 1.8 m deep) at the University
of Guelph Kemptville Campus Dairy Education and Research Centre (Kemptville, ON,
Canada) and were managed according to the standard operating procedures of this
research station, in accordance with the guidelines set by the Canadian Council on
Animal Care (CCAC, 2009). The pens prevented physical contact between calves but
allowed for them to be in visual and auditory range. Pens were bedded with straw
during the first 5 d of life, and then bedding was replaced with wood shavings. Bedding
was replenished and replaced as needed, with fresh bedding added weekly at minimum.
The insides of the pens were cleaned biweekly before weaning and weekly after
weaning. Pens were located under a 3-sided, roofed shelter to protect from excessive

exposure to the weather.

7.2.2. Milk Feeding Procedure

During the milk feeding period, calves were fed acidified MR by teat. The feeding
setup involved a rubber teat protruding into the side of the pen, attached to a tube fitted
with a 1-way valve running into buckets placed adjacent to the pens. All buckets, lines,
and teats were removed for cleaning before each feeding. Calves were fed 22% CP and
18% fat (Shur-Gain High-Performance Milk replacer, Nutreco Canada Inc., Guelph,
ON, Canada). Each liter of prepared MR contained 150 g of powder as indicated; the
powder was combined with hot water at a rate of 150 g of powder per 1/4 L, with
additional cold water added to reach the final volume. MR was mixed daily in sufficient
volume to feed all calves. At the time of preparation, a pre-diluted form of formic acid
(acidified milk solution, 9.8% formic acid; NOD Apiary Products Ltd., Frankford, ON,
Canada) was added to acidify the MR to a target pH between 4.0 and 4.3. All calves
were fed twice daily at 0800 and 1600 h a fixed amount of 4 L (total 1.2 kg/d of DM)
for the first 35 d (5 wks). The amount of MR offered was decreased to 6 L/d (0.9 kg/d
of DM) during days 36 to 38, 4 L/d (0.6 kg/d of DM) during days 39 to 41, and

incrementally decreased daily during week 7 to facilitate weaning by day 49.
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7.2.3. Treatments

Calves were randomly assigned to a mixed ration containing (on a DM basis) either:
1) 90% crumb starter concentrate and 10% chopped (3-4 cm) grass hay (COARSE; n =
10) or 2) 90% crumb starter concentrate and 10% ground (2 mm) grass hay (FINE; n =
10). Birth weights were similar for both COARSE calves and FINE calves (45.8 £ 1.6
kg vs. 47.9 £ 1.8 kg; P = 0.7). Calves received their respective solid feed type (Table
7.1) ad libitum in circular buckets (diameter = 47.0 cm, height = 21.6 cm) attached to

the front of the hutch, beginning on day 5 of the study.

Table 7.1. Chemical composition of feed components and mixed ration (mean + SD;

DM basis)

Item Concentrate' Hay” Coarse feed” Fine feed”
DM, % 89.2+0.75 88.5+1.13 89.3+0.30 89.4+0.41
CP, % of DM 247+0.60 123+030 23.6+0.72 23.3+0.53
Soluble Protein, % of DM 4.8+0.15 3.0+£0.17 4.7+ 0.48 4.6 £0.31

ADF, % of DM 11.1£037 443+138 13.6+£0.75 14.4 +£0.56
NDF, % of DM 21.0£090 64.8+1.27 259+1.73 25.5+0.86
Ash, % of DM 9.6+0.21 14.2+2.03 9.7+0.17 9.7+0.10

' Concentrate was a dairy calf rum crumb starter (Shur-Gain, Nutreco Canada Inc.,
Guelph, ON, Canada)

Hay was a second-cut of rye-grass hay.

3Coarse feed contained 90% concentrate and 10% hay chopped at about 3-4 cm.
*Fine feed contained 90% concentrate and 10% hay ground at about 2 mm.

7.2.4. Measurements, sample collection and analyses

Calves were weighed at the same time each day on two consecutive days each week.
Repeated measurements were made to obtain an accurate weekly weight and to account
for day-to-day variability. Throughout the study, MR, water and TMR (starter feed +
grass hay) consumption were recorded daily on an individual basis. As a consequence
of the low temperatures during the first 30 d of study the water was often frozen. Water
consumption during the first 35 d was below 1 L/d, possibly due to the quantity of MR
provided. Therefore, water consumption data refer only to measurements obtained
between days 31 to 56. To determine DMI, fresh concentrate, fresh forage, fresh mixed
rations, and orts from all calves were sampled twice weekly throughout the study. In

addition, during weeks 7 and 8, fresh concentrate, fresh forage, fresh mixed rations, and
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orts samples from all calves were obtained daily. All samples were immediately frozen

at -20°C until subsequent analyses.

Feed samples obtained for DM and chemical analyses were oven-dried at 55°C for 48
h. Fresh feed samples taken to determine nutrient contents were pooled by week, and
orts samples from weeks 7 and 8 were pooled by animal and week. The week after
weaning (49 d of age), plastic bags were glued to each calf to determine apparent DM,
CP, NDF, and ADF digestibilities of the diets. This procedure has been described
elsewhere (Terré et al., 2007). During wk 8 of the study, all feces were collected and
weighed. Bags were changed at least four times per day. For each calf, a daily
subsample equivalent to 30% of total feces collected was obtained and dried at 60°C for
72 h. Subsamples of the 7 d were composited by animal proportionally to the dry weight
of feces produced each daily. Feed and fecal samples collected to determine nutrient
content were ground to pass through a I-mm screen (Wiley Mill, Arthur H. Thomas
Co., Philadelphia, PA), and sent to Cumberland Valley Analytical Servces Inc.
(Maugansville, MD) for analysis of DM (135°C; AOAC, 2000: method 930.15), ash
(535°C; AOAC, 2000: method 942.05), ADF (AOAC, 2000: method 973.18), NDF with
heat-stable a-amylase and sodium sulfite (Van Soest et al., 1991), and CP (N x 6.25;
AOAC 2000: method 990.03; Leco FP-528 nitrogen analyzer, Leco, St. Joseph, MI).

7.2.5. Animal Behavior

Behavior was monitored by direct observations of all calves during 2 periods of 7 d,
2 wk before weaning (wk 6) and in the week after weaning (wk 8). Calves were
observed 1 h immediately following the morning MR feeding (at 0830 h) and 1 h after
solid feed was weighed and offered (at 1030 h) during the pre-weaning week. Although
no MR was provided in the second observation week, calves were observed at the same
times as in wk 6. Total observation time per animal was 28 h for the entire monitoring
period. Scans of each calf were performed every minute. The observer recorded the
occurrence of the following behaviors: lying or standing; and the activity: eating,
drinking, ruminating, performing non-nutritive oral behaviors (NNOB; licking any
surface, tongue rolling, or consuming wood shavings), head butting (when the animal
pressed any surface with the head), or idling (when none of the above behaviors were

being performed).
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7.2.6. Calculations and Statistical Analyses

Weekly ADG was calculated as the difference between weights taken 1 wk apart
divided by seven. Gain to feed ratio was calculated for each week by dividing BW
gained in that week by total DMI in that week. Apparent nutrient digestibility was
calculated as the difference between the quantity of a nutrient consumed and the

quantity of that nutrient defecated, divided by the quantity of that nutrient consumed.

Sorting activity during weeks 7 and 8 for indivivdual nutrients was calculated as the
actual intake of each nutrient expressed as a percentage of the predicted intake of that
nutrient. The actual intake of each nutrient was calculated as the difference between the
amount of each nutrient in the feed offered and that in the feed refused. The predicted
intake for an individual nutrient was calculated as the product of DMI of the total diet
times the percentage of that nutrient in the offered mixed feed. Values equal to 100%
indicate no sorting, <100% indicate selective refusals (sorting against), and >100%

indicate preferential consumption (sorting for).

Data for DMI, ADG, and gain to feed ratio were summarized for each calf by week.
Data for nutrient intakes, and sorting activity for individual nutrients were analyzed for
weeks 7 and 8. Sorting activity for each nutrient was tested for a difference from 100
using TTEST procedure of SAS. All data were analyzed with a mixed-effects model for
repeated measures, except apparent nutrient digestibility data. The statistical model
included the fixed effects of week, treatment, and week by treatment interaction, and the
random effect of calf within treatment. Differences in apparent nutrient digestibility

between treatments were analyzed using a simple t-test.

Behavior data were summarized individually as the total time (min) devoted to each
monitored behavior per day. Data for standing, lying, idling, eating, and performance of
NNOB were analyzed with a mixed-effects model for repeated measures. The statistical
model included the fixed effects of day, treatment, their 2-way interaction, and the
random effect of calf within treatment. Due to the lack of normality, data from NNOB
were root-square transformed. Least square means presented for NNOB correspond to
non-transformed data, and SEM and P-values correspond to the results from the mixed-
effects model using root-square data. Ruminating, drinking, and heading butting

behavior data were analyzed with a mixed-effects poisson regression model including
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calf as random effect, and treatment, time (day) and the interaction between treatment
and day as fixed effects. Least square means presented for ruminating, drinking, and
press heading behaviors correspond to non-transformed data, and SEM and P-values

correspond to the results from the mixed-effects logistic regression data.

7.3. Results and discussion

7.3.1. Performance and sorting

Intakes and performance data are reported in Table 7.2. No treatment differences
were observed in water and MR consumption as well as solid feed intake and total DMI.
However, during the last week of the study (wk 8), after all calves were weaned, those
receiving COARSE had greater DMI (P < 0.05) than FINE calves (Figure 7.1). Both
treatments had similar ADG during the study (Table 7.2). Interestingly, COARSE
calves tended to be more efficient than FINE calves. It is possible that the presence of
chopped hay in the COARSE diet improved the rumen environment of those calves,
which in turn may have contributed to the stimulation of solid feed intake and improved
feed efficiency. Several researchers (Thomas and Hinks, 1982; Davis and Drackley,
1998) have reported that DMI increased when incorporating between 10 and 25% of
ground or chopped hay or straw into a complete diet. Coverdale et al. (2004) reported
that the addition of hay to diets appeared to favorably alter rumen environment,
resulting in increased intake and improved efficiency. Furthermore, Castells et al.
(2012) reported that the provision of chopped grass hay improved total DMI in young
calves. However, in all former studies (Thomas and Hinks, 1982; Coverdale et al.,
2004; Castells et al., 2012) nutrient composition was not controlled across treatment
diets. In the present study, all calves received a diet with the same nutrient composition;
thus differences in total DMI and feed efficiency can be solely attributed to the physical

form of forage present in the diet.

No differences were observed in CP, soluble protein, and ADF consumption between
COARSE and FINE calves during the last 2 wk of the study (weeks 7 and 8; Table 7.3).
However, COARSE calves had greater NDF consumption than FINE calves.
Furthermore, COARSE calves tended to consume more NDF than FINE calves (719.2
vs 610.5 £ 25.84; respectively) during the last week of study (week 8).
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Table 7.2. Intakes and weight gain of calves fed mixed rations containing chopped hay

at different particle sizes'.

Treatment P-value”
COARSE FINE SE T \\ WxT
Water intake”, L/d 3.51 3.34 0.30 0.68  <0.01 0.11
BW, kg 64.7 66.3 1.83 0.53 <0.01 0.88
ADG, kg/d 0.94 0.89 0.03 0.34  <0.01 0.17
Feed DMI, kg/d 0.76 0.76 0.05 090  <0.01 0.01
Milk replacer, kg/d 0.66 0.66 0.01 0.70  <0.01 0.86
Total DMI, kg/d 1.42 1.43 0.05 0.95 <0.01 0.03
Gain to feed ratio®, kg/kg 0.68 0.63 0.02 0.09 <0.01 0.47

'Data are averaged by week for 10 calves on each treatment.

’T = Treatment effect; W = week effect; T x W = Treatment x week interaction.
*Water consumption obtained from measurements only during weeks 5 to 8.

*Gain to feed ratio = Gain of BW, kg / Total DMI, kg

Figure 7.1. Total DMI (g/d) of calves fed fed mixed rations containing chopped hay at

different particle size: COARSE (m) and FINE ().
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Table 7.3. Nutrient intakes during the last week of the milk-feeding stage (wk 7) and
the first week after weaning (wk 8) for calves fed mixed rations containing chopped hay

at different particle size. '

Treatment P-value’
Item COARSE FINE SE T \W Tx W
CP, g/d 486.8 466.0 21.25 0.50 <0.01 0.18
Soluble Protein, g/d 85.5 85.6 3.99 0.98 <0.01 0.33
ADF, g/d 295.1 284.0 11.87 0.52 <0.01 0.20
NDF, g/d 587.6 507.6 21.87 0.02 <0.01 0.09

'Data are averaged by week for 10 calves on each treatment.
’T = Treatment effect; W = week effect; T x W = Treatment x week interaction.
Although differences in nutrient intake were only observed for NDF consumption,
sorting of nutrients differed between treatments for both NDF and CP. Calves on the
COARSE treatment sorted to a greater extent (for NDF than FINE calves, whereas
FINE calves sorted to a greater extent for CP (Table 7.4) than COARSE. Given the
nutrient composition of hay and concentrate (Table 7.1), these results suggest that
COARSE calves were sorting for hay instead of concentrate, whereas FINE calves were
sorting for concentrate instead of hay. This result is interesting, given that previous
studies have shown both cattle (e.g. DeVries et al., 2007) and calves (eg. Miller-Cushon
and DeVries, 2011) sort against NDF. The present result suggests that preference for the

forage component of a mixed ration may depend on the particle size.

Table 7.4. Sorting (%) of nutrients during the last week of the milk-feeding stage (wk
7) and the week after weaning (wk 8) for calves fed mixed rations containing chopped

hay at different particle size.

Week 7 Week 8 P-value’
Item COARSE FINE SE COARSE FINE SE T W TxW
CP, % 99.98 101.96 * 0.52 101.01  102.59** 0.64 0.01 0.17 0.74
Soluble Protein, % 94.84* 94.65 240 95.42%* 97.66  0.86 0.55 0.36 0.53
ADF, % 101.11 99.51 1.56 98.26* 97.13 1.43 0.46 0.03 0.83
NDF, % 104.97** 99.27 1.48 102.17** 98.70 1.14 0.01 0.15 0.33

T = Effect of treatment. W = week effect. T x W = Treatment x week interaction.
*Sorting values differ at P < 0.05 from 100%.
** Sorting values differ at P <0.01 from 100%.
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7.3.2. Apparent nutrient digestibility

Total tract apparent digestibility of DM, CP, ADF, and NDF were greater COARSE
than for FINE calves (Table 7.5). This may also explain the tendency for an improved
feed efficiency in COARSE compared to FINE calves (Table 7.2). No differences were
observed in apparent digestibility of soluble protein between treatments. Apparent
nutrient digestibilities observed herein are in the range previously reported in weaned
calves (Terr¢ et al., 2007; Hill et al., 2010; Castells et al., 2012). Interestingly, previous
studies (Porter et al., 2007; Zanton and Heinrichs, 2009) reported that high-fiber diets
and high DMI (Zanton and Heinrichs, 2008) compromise digestibility. Porter et al.
(2007) reported that DM digestibility in animals fed high-fiber diets (27% NDF) was
lower than that of calves consuming low-fiber diets (20% NDF). It seems that particle
size of forage may play an important role in nutrient digestibility; in the present study,
despite the fact that COARSE calves consumed more NDF than FINE calves,
digestibility of DM, CP, ADF and NDF was greater in COARSE than in FINE calves. It
could be speculated that the presence of chopped hay in the diet was associated with an

improvement of the rumen environment, leading to an improvement in digestibility.

Table 7.5. Total tract nutrient apparent digestibility during the week after weaning

(week 8) of calves fed mixed rations containing chopped hay at different particle size.

Treatment
COARSE FINE SE P-value
DM, % 72.3 69.2 0.68 <0.01
CP, % 77.4 74.5 0.86 0.03
Soluble Protein, % 75.4 73.5 1.23 0.29
ADF, % 40.7 34.0 2.18 0.04
NDF, % 42.7 35.6 2.11 0.03

7.3.3. Animal Behavior

The total time devoted to performing each recorded behavior is reported in Table 7.6.
No differences were found in time spent standing, lying, feeding, ruminating, drinking
or head-butting between treatments. However, calves receiving the FINE treatment
spent more time performing NNOB that COARSE calves. NNOB are often considered

indicators of poor welfare, since they are thought to be related to frustrated feeding
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motivation due to thwarted ability to forage (Redbo, 1990; Redbo and Nordblad, 1997).
Previous studies (Redbo and Nordblad, 1997; Phillips, 2004) reported that restricted
roughage allowance has a considerable effect on the duration and frequency of bouts of
stereotypies in heifers. Furthermore, Castells et al. (2012) reported that calves fed a
starter concentrate and rye-grass hay devoted less time to performing NNOB than
forage-deprived calves. The present results suggest that forage particle size, in addition
to forage allowance,plays an important role in reducing NNOB in young calves; thus,
providing calves with longer forage particles may improve their welfare. COARSE
calves tended to spend more time idling than FINE calves (Table 7.6), which could be
attributed, in part, to the increased time devoted to performing non-nutritive activities in

FINE compared to COARSE calves.

Table 7.6. Effect of feed exposure treatment on average time (in minutes) standing or
lying, or devoted to perform different behaviors per day during the 28 h of observations
(2 h/d) conducted between two weeks before weaning (wk 6) and one week after

weaning (wk 8).

Treatment P-values'
Activity COARSE FINE SE T DAY TxDAY
Standing, min 59.9 684 439 0.17 <0.01 0.67
Lying, min 60.1 51.6 439 0.17 <0.01 0.67
Idle, min 72.0 642 288 0.06 0.05 0.86
Feeding, min 19.6 21.8 1.28 0.22 <0.01 0.41
NNOB?, min 19.7 283 025 0.01 <0.01 0.34
Ruminating, min 5.88 226 064 094 0.50 0.38
Drinking, min 2.13 222 016 0.53 0.52 0.52
Head-butting, min 0.69 1.1I5 0.13 098 0.32 0.59

'T = Effect of treatment, DAY = Effect of day of sampling. T x DAY = Interaction
between treatment and day.
*Non-nutritive oral behavior.
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7.4. Conclusions

The provision of chopped hay mixed with a starter concentrate improved total DMI and
nutrient digestibility after weaning as compared with the addition of ground hay to a
starter concentrate. Consequently, the provision of chopped hay tended to improve feed
efficiency during the first weeks of age. Furthermore, provision of chopped hay reduced

the performance of non-nutritive oral behaviors.
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Chapter 8

STUDY 6:

BLOCKING OPIOID RECEPTORS ALTERS SHORT-TERM FEED INTAKE

AND ORO-SENSORY PREFERENCES IN WEANED CALVES

Published in Journal of Dairy Sci. 95:2531-2539
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8.1. Introduction

The neuroendocrine control of feed intake and energy balance is a complex process
controlled by many overlapping, integrated pathways (Sartin et al., 2011). In mammals,
the hypothalamus plays a central role in this regard (Clarke, 2001; Wagner et al., 2004),
and opioid receptors have been found in the hypothalamus (H.kfelt et al., 1977) as well
as in limbic structures involved in the control of food reward and eating behavior
(Berridge et al., 2009). Opioid peptides may thereby influence feed intake by mediating
hedonism and incentive motivation upon feed consumption (LeMagnen, 1990; Berridge,
2009), and it has been suggested that blocking their activity may render palatable feeds
less rewarding (Drewnowski et al., 1992; Giraudo et al., 1993). Naloxone is an opioid
receptor antagonist and its peripheral administration reduces DMI in ruminants

(Cheema et al., 1991; Obese et al., 2007).

Our hypothesis was that blocking opioid receptors might blunt oro-sensorial
preferences of calves, thereby decreasing the rewarding response associated with feed
intake. Furthermore, we expected that the effects of blocking opioid receptors would
depend on circulating insulin and anorexigenic hormones as dictated by the metabolic
status of the calves. Thus, the objectives of the current study were to determine if
naloxone would (1) decrease feed intake by modifying oro-sensorial preferences for a
sweet feed; and (2) affect plasma glucose, insulin, CCK, and GLP-1 concentrations in

fasted or fed calves.

8.2. Materials and Methods

8.2.1. Animals, feeding, and management

Thirty-two male Holstein calves participated in this study. All calves were purchased
from commercial farms and raised in the facilities of the Institute for Research and
Technology in Agrifood (IRTA, Caldes de Montbui, Spain). Calves were housed in
individual hutches (1 x 1.55 m) and managed under the guidelines and approval of the
Animal Care Committee of IRTA. Hutches were bedded with sawdust every 3 d. All
calves had access to 2 buckets, one containing solid feed and the other containing water.
A commercial MR (25% CP and 19.2% fat, Sprayfo Excellent 60, Sloten BV, Deventer,
the Netherlands) was offered in 2-L bottles twice daily at 0700 and 1700 h. Calves
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received 4 L/d of MR at 12.5% DM dilution rate until 50 d of age. From 50 to 56 d of
age, calves received only the morning feeding of 2 L of MR at 12.5% DM. Animals
were weaned at 57 d of age. Starter feed (Table 8.1) and water were offered ad libitum

throughout the study.

Table 8.1. Ingredient and chemical composition of the experimental starter feed.

Item Starter feed

Ingredient, % DM
Wheat 20
Corn 15
Barley 11.2
Sorghum 12
Soybean meal 23
Wheat middling 12
Soybean hulls 5
Premix’ 0.2
Calcium carbonate 0.5
Dicalcium phosphate 0.3
Sodium chloride 0.8

Nutrient, % DM
CP 19.5
NDF 17.7
ADF 8
Ash 5.6

'Contained vitamin A: 2,007,000 IU/kg; Vitamin Ds: 433,000 [U/kg; Vitamin E: 3,685
mg/kg; Vitamin B;: 52 mg/kg; Vitamin B,: 197 mg/kg; Vitamin Be: 98 mg/kg; Vitamin
B12:0.76 mg/kg; Vitamin K3: 52 mg/kg; nicotinicacid: 656 mg/kg; pantothenicacid: 394
mg/kg; Mn: 5,877 mg/kg; Fe: 7,093 mg/kg; Cu: 2,026 mg/kg; Co: 46 mg/kg; Zn: 8,112
mg/kg; I: 304 mg/kg; Se: 46 mg/kg.

8.2.2. Experiment 1: Preference for a sweetened starter feed.

The aim of this experiment was to verify the establishment of a preference for a
sweetener (Luctarom SFS-R; Lucta S.A., Montorn.s del Vall.s, Spain) in weaned calves
at the age of 72, 73, and 74 d (i.e., 15 d after weaning). This experiment was performed
in 2 periods, using 16 animals per period. During the experiment, all calves (n = 32)
received a choice in 2 separated buckets of a control feed (CF; Table 8.1) that had
previously been consumed by all calves, and the same starter feed with the addition of a
noncaloric sweetener (sweet feed, SF; CF + 1 g/kg of Luctarom SFS-R). Calves were

offered a known amount of fresh CF and SF in 2 separated buckets at 0800 h, and feed
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consumption was recorded 2, 4, and 6 h after feeding. After 6 h, the remaining feed was

removed and fresh CF was offered separately in 2 buckets to all calves.

8.2.3. Experiment 2: Control of feed intake and the interaction between opioids

and metabolic state of calves

The aim of this experiment was to explore the potential interaction between opioid-
mediated and metabolic (dictated by the fed state) control of feed preferences and
intake. Similar to experiment 1, this experiment was conducted in 2 periods using half
of the animals (n = 16) in each period. Calves were weighed and randomly distributed
according to BW and age in 4 groups, following a 2 x 2 factorial design. One day before
the onset of the experiment, calves (75 = 0.66 d of age) were fitted with jugular
catheters (Abbocath®- T 16G x 140 mm; Hospira Inc., Lake Forest, IL) to facilitate
blood sampling and administration of treatments. Catheter patency was maintained by
flushing with 5 mL of heparinized saline solution (1,000 USP units of heparin/mL).
Half of the calves (n = 16; 8 calves per period) were either fed ad libitum (FED) until 10
min before the onset of the experimental period or fasted (FAS; n = 16; 8 calves per
period) for 14 h until feeding at 0800. Within each of these groups, at feeding time
(0800 h), half of the calves (n = 8; 4 per period) were injected i.v. with either 1 mg of
naloxone (NAL; Sigma-Aldrich Quimica S.A., Madrid, Spain) per kilogram of BW
diluted in 6 mL of saline solution (0.9% NaCl) or 6 mL of saline solution (SAL). Doses
for NAL were based on previous studies (Alavi et al., 1991; Obese et al., 2007).
Therefore, treatments were FAS-NAL (n = 8; 86.1 + 4.74 kg of BW and 76.5 £ 1.18 d
of age), FAS-SAL (n = 8; 87.9 + 2.31 kg of BW and 76.5 £ 0.68 d of age), FED-NAL
(n=8; 86.1 = 3.36 kg of BW and 77.1 £+ 2.30 d of age) and FED-SAL (n = 8; 85.6 +
4.16 kg of BW and 76.1 = 0.77 d of age).

At 0800 h, known amounts of fresh CF and SF were offered in 2 separate buckets to
all calves. At the same time, NAL or SAL was injected, and feed consumption was
monitored at 2, 4, and 6 h thereafter. Blood samples were harvested at —10, 20, 180, and
240 min relative to NAL or SAL administration and feed offer. Between blood samples,
catheter patency was maintained by flushing with 1 mL of heparinized saline solution
(1,000 USP units of heparin/mL). All blood samples were harvested in 4-mL tubes
containing EDTA as an anticoagulant (BD Vacutainer spray-coated K,EDTA tubes) and

4-mL tubes containing a glycolysis inhibitor (BD Vacutainer fluoride tubes). Samples
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were refrigerated at 4°C until centrifuged at 1,500 x g at 4°C for 15 min, and plasma and
serum were decanted and stored at —20°C until analyses of insulin, GLP-1, CCK, and

glucose.

Concentrations of insulin, CCK-8, and GLP-1 were measured using RIA as
described by Villalba et al. (2011). The intraassay CV averaged less than 3.1, 2.6, and
4.1% for insulin, CCK-8, and GLP-1 assays, respectively. The kit used for CCK
determination binds to CCK-8 sulfate and cross-reacts with CCK-33 sulfate. For GLP-1
determination, the kit used was specific for total GLP-1 (1-37) and GLP-1 (7-37).
Serum glucose was determined using a glucose RTU kit (bioMerieux S.A., Marcy

I’Etoile, France) with an intra- and interassay of 1.4 and 1.7%, respectively.

8.2.4. Calculations and statistical analyses

In both experiments, oro-sensorial preference for SF was measured as the cumulative
consumption of SF expressed as a percentage of total feed consumed: [consumption of
SF/(consumption of SF + consumption of feed CF)] x 100. To assess whether the
relative consumption of SF (as a percentage of total intake) differed from 50% (i.e., lack
of preference), a one-sample comparison t-test using SAS (SAS Institute Inc., Cary,
NC) was performed. Oro-sensorial preference values over 50% were considered to

indicate a preference toward SF over CF.

In experiment 1, cumulative CF, cumulative SF, and total cumulative starter feed
consumption, and orosensorial preference for SF at each recorded time (2, 4 and 6 h)
were analyzed using the MIXED procedure (SAS Institute Inc.), treating time (h) as
repeated measure. The 3 sampling days were analyzed separately. The model included
time as a fixed effect, and animal and period as random effects. Data from cumulative
CF, SF, and total starter feed consumption were rootsquare transformed to achieve a
normal distribution. Least squares means presented herein for cumulative total starter
feed consumption correspond to nontransformed data, and SEM and P-values
correspond to the results from the mixed-effects model using root-square transformed

data.

In experiment 2, cumulative CF, SF, and total starter feed consumption, oro-sensorial

preference for SF, and blood metabolite data were analyzed using the MIXED
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procedure (SAS Institute Inc.), treating time as a repeated measure. The statistical
model included the effect of blocking opioid activity (NAL or SAL), the effect of
metabolic state (fasted or fed), the effect of time relative to feeding, and their 2- and 3-
way interactions as fixed effects, and period and animal as random effects. Due to the
lack of normality, data from CF, SF, and total cumulative consumption were root-square
transformed, and data from plasma metabolites were log-transformed. Least squares
means presented herein for total cumulative consumption and metabolite concentrations
correspond to nontransformed data, but SEM and P-values are results from the mixed-

effects model using root-square or log-transformed data.

8.3. Results and discussion

8.3.1. Experiment 1: Preference for a Sweetened Starter Feed

Cumulative CF, SF, and total feed intake and oro-sensorial preferences for SF are
presented in Table 8.2. The SF was preferred (P < 0.01) over the CF at all recorded
times (2, 4, and 6 h postfeeding) on each sampling day. These data agree with the notion
that calves select for sweet-tasting feeds (Goatcher and Church, 1970a; Hellekant et al.,
1994; Nombekela and Murphy, 1995) and support the use of SF to evaluate the
interaction between opioid-mediated and metabolic control of intake in experiment 2.
As expected, cumulative feed consumption progressively increased (P < 0.01) over
time. Because cumulative feed consumption increased with time, it seems that no
negative postingestive feedback on intake (Forbes and Kyriazakis, 1995; Provenza,

1995) was triggered by the added sweetener.
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Table 8.2. Daily cumulative consumption of control starter feed (CF), sweetened starter
feed (SF), and total starter feed, and oro-sensorial preference for a SF [(cumulative
consumption of SF / cumulative total feed consumption) x 100] during 3 consecutive

days in Experiment 1.

Time after feed offer, h

Day 1 2 4 6 SEM' P-value
Cumulative CF intake, g 101.4* 1442° 172.8° 2.01 <0.01
Cumulative SF intake, g 3542% 508.68° 624.7° 0.86 <0.01
Total cumulative feed intake, g 455.6° 652.8° 797.5° 0.90 <0.01
Oro-sensorial preference for SF, % 766 79.10 797 466  0.39

Day 2
Cumulative CF intake, g 95.5° 144.8" 223.6° 1.10 <0.01
Cumulative SF intake, g 378.8* 507.2° 607.3° 091 <0.01
Total cumulative feed intake, g 4742% 652.0° 830.9° 091 <0.01
Oro-sensorial preference for SF, % 80.2" 79.5™ 747" 219 <0.01
Day 3
Cumulative CF intake, g 81.7° 124.2° 200.5° 3.57 <0.01
Cumulative SF intake, g 367.2° 546.1° 716.1° 0.90 <0.01
Total cumulative feed intake, g 448.9* 670.3° 916.6° 130 <0.01
Oro-sensorial preference for SF, % 84.3™ 835 792 925  0.04

abc

Values with uncommon superscripts within row differ at P <0.01.

"Values differ from 50% at P < 0.05.

'Standard error of the mean. SEM of the cumulative feed intake corresponds to root-
transformed data, whereas mean values are non-transformed.

8.3.2. Experiment 2: Control of feed intake and the interaction between opioids

and metabolic state of calves

Cumulative CF, SF, and total feed intake and orosensorial preferences for SF are
presented in Table 8.3. As expected, FAS calves consumed more (P < 0.05) feed (684.1
+ 1.18 g) than FED calves (515.2 £ 1.18 g) on average throughout the study, but NAL
treatment tended (P = 0.08) to reduce cumulative starter feed consumption only in FED
calves (Figure 8.1). In contrast to these results, other authors (Baile et al., 1981; Alavi et
al., 1991; Burgwald-Balstad et al., 1995) have reported an inhibitory effect of naloxone
on feed intake when administered to fasted animals. Previous studies have been
conducted in heifers (Burgwald-Balstad et al., 1995) and sheep (Baile et al., 1981; Alavi
et al.,, 1991); therefore, differences in age and species coupled with different fasting
times could explain the described discrepancy among studies. It would be reasonable to

expect that as hunger increases, metabolic signals gradually become more relevant in

102



Study 6

controlling feed intake, eventually overcoming the positive effects on intake elicited by
oro-sensorial preferences. Indeed, in rodents, the sensitivity of the endocannabinoid
system, which is involved in the generation of hedonic reactions along with the opioid
system (Berridge et al., 2009), is modulated by appetite-controlling signals such as
leptin, CCK, and ghrelin (Di Marzo and Matias, 2005). Assuming that similar
mechanisms are operative in ruminants, fasting would also upregulate
appetitestimulatory neurotransmitters, which could nullify the effects of NAL. On the
other hand, SAL calves consumed more (P < 0.05) starter feed (442.2 + 1.33 g) than
NAL calves (319.4 + 1.33 g) 2 h after feeding. Similar to other studies (Baile et al.,
1981; Burgwald-Balstad et al., 1995), the inhibitory effect of naloxone on feed intake
was only observed during the first 2 h after feeding. Naloxone is a short-acting opiate
antagonist with a half-life of about 40 min in rats (Tepperman et al., 1983) and 1 h in
humans (Ngai et al., 1976). As reported herein, therefore, any potential effect of

naloxone on feed intake would be expected to last shortly after its administration.

As for the cumulative consumption of CF and SF, NAL calves consumed more (P <
0.05) CF (381.0 = 1.73 g) than SAL calves (212.6 = 1.73 g) by 6 h postfeeding. On the
other hand, SAL calves consumed, on average, more (P < 0.05) SF (439.6 = 1.37 g)
than NAL calves (297.4 + 1.37 g). Overall, calves receiving SAL had a greater (P <
0.05) preference for SF (70.3 + 7.54%) than NAL calves (51.9 + 7.54%), and FAS-SAL
calves had a greater (P < 0.05) preference for SF (73.5 + 8.32%) than FAS-NAL calves
(52.0 £ 8.32%) at 6 h after feeding.

During the first 4 h, FAS-SAL calves did not discriminate between starter feeds,
although this group had a numerically greater preference for SF (Table 8.3). Forbes
(2007) suggested that metabolic and physiological states could modify eating behavior.
Furthermore, recent evidence from murine models indicate that opioids,
endocannabinoids, and y-aminobutyric acid (GABA)-benzodiazapines mediate hedonic
responses to feed consumption by stimulating well-defined regions in the nucleus
accumbens and ventral pallidum that have been jointly termed “hedonic hotspots”

(Berridge et al., 2009).
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Table 8.3. Influence of naloxone (NAL) or saline (SAL) injection on cumulative feed consumption of control feed (CF), sweetened feed (SF),

and total solid feed, and oro-sensorial preferences in fed or 14-h fasted calves

2 h after feed offer 4 h after feed offer 6 h after feed offer
Fed Fasted Fed Fasted Fed Fasted P-Values
N x N x
Item SAL NAL SAL NAL SAL NAL SAL NAL SAL NAL SAL NAL SEM N M T M NxT MxT
Cumulative CF
intake, g 1156 91.3 1569 2369 183.1 2344 2269  341.9 196.3  280.6 228.8 4813 245 0.25 031 <0.01 0.48 <0.01 0.43
Cumulative SF
intake, g 330.6 78.1 281.3 2325 421.3 205.0 446.9 3744 553.1 4019 6044 4925 2.18 0.02 021 <0.01 027 023 023
Total cumulative
feed intake, g 4463 1694 438.1 4694 604.4 4394 673.8 716.3 7494  682.5 833.1 973.8 186 028 0.02 <0.01 0.08 0.02 0.39
Oro-sensorial
preference for
SF, % 71.87 499%™ 715%™ 501"  68.17° 44.7°  66.6™ 543" 702 603™ 7357 520 1022 0.04 095 0.04 099 0.71 0.04

'N = Naloxone effect (NAL or SAL); M = Metabolic state effect (Fed or Fasted); T = time relative to feed offer (2, 4, or 6 h); N x T = interaction

between naloxone and time; M x T: interaction between metabolic state and time; N x M x T = interaction between naloxone, metabolic state,
and time; no M x T interaction was observed (P > 0.05).

abc

*Mean values for cumulative feed intake are nontransformed, whereas SEM values correspond to root-square transformed data.
Values with uncommon superscripts within row differ at P < 0.01.

"Oro-sensorial preference differs from 50% (P < 0.05); TOro-sensorial preference tends to differ from 50% (P < 0.10).
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Figure 8.1. Average cumulative feed intake of well-fed calves that received 6 mL of
saline solution (0.9% NaCl; FED-SAL), well-fed calves that received 6 mL of naloxone
(1mg/kg of BW; FED-NAL), calves fasted for 14 h and that received 6 mL of saline
solution (FAS-NAL), and calves fasted for 14 h that received 6 mL of naloxone (FAS-
NAL).
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" Average total cumulative feed intake in FED-NAL calves tend to differ (P < 0.10)
from that of the other groups.

In rats, administration of an opioid-receptor agonist within those brain regions
increases liking and eating behaviors triggered by sucrose, but the magnitude of such
responses is influenced by several factors such as hunger, satiety, and taste preferences
(Berridge, 2009; Berridge et al., 2009). Based on this notion, we hypothesize that in
FAS calves, hunger diminished the sensitivity or activation of the opioid system and
inhibited pleasure-dependent behaviors, ultimately minimizing the preference for SF
during the first 4 h of the experiment. Interestingly, 6 h after feeding, FAS-SAL calves
preferred (P < 0.05) SF over CF, whereas FASNAL continued to show no preference
for SF (Table 8.3). On the other hand, FED-NAL calves did not discriminate between
the 2 starter feeds during the first 4 h of experiment, and only tended (P = 0.07) to
prefer SF 6 h after feeding (Table 8.3). These results indicate that the influence of
opioids on oro-sensorial preferences was more pronounced and lasted longer than their
effect on the control of total feed consumption (which disappeared 2 h posttreatment).
In humans, it has been reported that blocking opioid receptors decreases the degree of

pleasantness elicited by consumption of certain foods, including sweet solutions
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(Fantino et al., 1986; Bertino et al., 1991; Yeomans and Wright, 1991; Drewnowski et
al., 1992). In rats, opioid antagonists are most effective in reducing intake of palatable
sweet liquids such as glucose, sucrose, or saccharin solutions (Holtzman, 1975; Lynch
and Libby, 1983; Kirkham and Cooper, 1988; Morabia et al., 1989). Based on data in
other species demonstrating that opioid receptors moderate effects on feeding, our
results therefore suggest that naloxone inhibited the sensorial pleasure elicited by feed
consumption, thereby contributing to control voluntary feed intake and voiding the

preference for sweetened feeds.

Serum glucose and plasma insulin concentrations did not differ with sampling time
(Table 8.4). As expected, FED calves had greater (P < 0.05) mean serum glucose (4.08
mM) and plasma insulin (121.5 pM) concentrations than FAS calves (3.80 mM and 84.0
pM, respectively). Similar to the present study, fasting reduced concentration of glucose
and insulin in the plasma of calves and sheep (Trenkle, 1976; Cole and Hallford, 1994).
In the current study, calves were fasted for 14 h, and FAS calves had greater starter feed
consumption during the first 4 h after feeding compared with FED calves. However,
serum glucose and plasma insulin concentrations continued to be greater for FED
compared with FAS calves. Withholding feed has been shown to increase the hepatic
removal of insulin (Brockman and Bergman, 1975), reduce secretion of insulin by
isolated pancreatic tissues (Boden et al., 1981), diminish in vivo insulin secretion rate,
and reduce postprandial insulin concentration (Trenkle, 1971). Serum glucose and
plasma insulin concentrations did not differ between NAL and SAL calves. In rats,
endorphins are capable of affecting circulating insulin and glucose directly via
peripheral opiate receptors and (or) indirectly via opiate receptors located in the central
nervous system (Appel et al., 1987; Curry et al., 1987). In agreement with our findings,
however, no changes in serum glucose or plasma insulin concentration were observed

when sheep were injected with naloxone (Alavi et al., 1991; Cheema et al., 1991).
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Table 8.4. Influence of naloxone (NAL) or saline (SAL) injection on circulating glucose, insulin, glucagon-like peptide-1 (GLP-1), and

cholecystokinin (CCK) in fed or 14-h fasted calves relative to treatment administration

-10 min 20 min 180 min 240 min
Fed Fasted Fed Fasted Fed Fasted Fed Fasted P-value'

Nx M x

SAL NAL SAL NAL SAL NAL SAL NAL SAL NAL SAL NAL SAL NAL SAL NAL SEM?> N M T T T

Glucose (mM) 4.1 4.1 42 3.8 3.9 4.1 3.9 3.8 4.1 4.0 3.7 38 41 4.0 3.7 3.9 0.05 0.46 0.04 0.27 049 0.26
Insulin (pM) 1182 95.7 87.7 61.2 1089 112.1 63.6 71.0 152.7 88.2 99.3 92.8 95.8 153.3 85.6 166.2 0.20 0.31 0.01 0.09 0.62 0.14
GLP-1 (pM) 46.6 45.1 474 41.7 483 45.6 457 41.2 50.8 46.9 48.9 452 48.5 450 51.1 47.1 0.05 0.04 0.65 <0.01 0.03 0.02
CCK (pM) 64 53 2.5 2.6 5.5 6.3 2.9 33 62 53 6.0 7.0 7.7 6.1 8.2 8.2 0.26 0.58 0.02 <0.01 0.71 0.08

'N = naloxone effect (NAL or SAL); M = metabolic state effect (fed or fasted); T = time relative to naloxone (or saline) administration (—10, 20,

180, or 240 min); N x T: interaction between naloxone and time; M x T: interaction between metabolic state and time; no N x M and N x M xT
interactions were observed (P > 0.05).
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Overall, FED calves had greater (P < 0.05) plasma CCK concentration than FAS
calves (6.79 and 4.41 pM, respectively). The presence of fat and protein in the
duodenum stimulates CCK secretion by endocrine cells of the upper small intestine
(Liddle et al., 1985). CCK acts on the hypothalamus as a neuropeptide decreasing
intake (Della Fera and Baile, 1979; Grovum, 1981). Plasma CCK concentration
(Figure 8.2) tended to be greater (P = 0.08) in FED calves than in FAS calves at —10
and 20 min relative to feeding time (5.86 and 6.16 pM vs. 2.49 and 3.05 pM,
respectively). Considering only plasma CCK concentration at —10 min relative to
feeding time, FED calves had a greater (P < 0.05) concentration than FAS calves.
However, plasma CCK concentration did not differ between NAL and SAL calves.
As a result of the 14 h of fasting, the content of nutrients in the intestine of FED
calves might have exceeded that of FAS calves (particularly during the first 2
sampling times), which could have led to a greater plasma CCK concentration in the
former group of calves. In agreement with our results, Suominen et al. (1998)
reported that plasma CCK concentration decreased during feed deprivation in heifers.
However, in the current study, the lack of an effect of NAL on plasma CCK-8
concentration does not rule out an effect on other CCK forms secreted in ruminants

that could affect the hypothalamus.

Figure 8.2. Plasma cholecystokinin (CCK) concentration (mean + SEM) at —10, 20,
180 and 240 min relative to feed offer in fed (m) or 14-h fasted (o) calves.

4] +

Plasma CCK concentration (phl)

-1F 20 180 240

Time (min) relative to feed offer

" Plasma CCK concentration in fed and fasted calves tended to differ (P < 0.10).
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The metabolic state of calves had no effect on plasma GLP-1 concentration. GLP-1
is secreted in response to feed consumption but it has an exceptionally short half-life
of less than 2 min (Scheen, 2007). In the present study, blood was harvested 20 min
after the feed was offered, and thus no differences in GLP-1 between FED and
FASTED calves were expected. However, NAL calves had lower (P < 0.05) GLP-1
concentration (Figure 8.3) compared with SAL calves at 20 and 240 min after feeding
(42.1 vs. 47.7 pM and 45.3 vs. 51.2 pM, respectively). Recent studies with rodents
provide the first demonstration that the gastrointestinal mucosa expresses taste
signaling elements, such as the sweet taste receptor TIR2/T1R3, that form part of a
chemosensing system by which luminal nutrients (e.g., glucose) and other
nonnutritive chemicals (e.g., sweeteners) trigger physiological responses, including
secretion of incretin hormones such as GLP-1 (Jang et al., 2007). In the current study,
SAL calves had similar starter feed intake but a greater (P < 0.05) preference for SF
than NAL calves (70.3 vs. 51.9%, respectively). Therefore, it would seem reasonable
to speculate that the intestinal mucosa of calves also has a chemosensing system that
mediated changes in circulating GLP-1 in response to the larger intake of SF

(sweetener) by SAL compared with NAL calves.

Figure 8.3. Plasma glucagon-like peptide-1 (GLP-1) concentration (mean + SEM) at
-10, 20, 180 and 240 min relative to treatment administration (saline or naloxone) in

calves treated with a saline solution (©) or with naloxone (e).

2 5
z -

g 50 2 —0
E 48 /‘?7

a |

E 46 i , £
5—'-. 44 *— |

-

- 42

=

g 40

= -10 20 180 240)

Time (min) relative to treatment administration

“Plasma GLP-1 concentration in calves treated with saline solution or with naloxone
differ at P < 0.05.
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8.4. Conclusions

Injecting calves with naloxone alters short-term (2 h) feed intake. Furthermore,
naloxone injection prevents calves from discerning between a sweetened and a plain
starter feed, suggesting that in calves, as in other species, the opioid system controls
short-term feed intake by modulating the oro-sensorial response to feed consumption.
On the other hand, blocking the opioid receptors with naloxone had no effect on the
concentration of glucose, insulin and CCK, but did reduce the plasma GLP-1
concentration. Whether the changes in GLP-1 are mediated directly by naloxone or

indirectly by the reduced consumption of sweetened starter remains to be elucidated.
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GENERAL DISCUSSION
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General discussion

Time line and thesis development

All the studies in this thesis aimed at studying different factors influencing solid feed
consumption around weaning. Although each study had concrete objectives, the
results of each study offer information about oro-sensory preferences in short- and

long-term, strategies that could improve solid feed consumption.

The first and the second studies were conducted with the objective of determining
the oro-sensory preferences for common ingredients used to formulate starter
concentrates. While the animal model was developed and oro-sensory preferences
were defined, a third study was performed. In the third study, we realized that flavor
characteristics of starter had an effect on animals with low appetence for solid feed,
but no differences were observed among animals consuming high amounts of solid
feed. Despite of the flavor effect, this result suggested that each calf perceived feed
flavors in a different manner, and it could be due to the fact that each animal has
individual feed preferences or even individual nutrient requirements. Using this
hypothesis the fourth study was conducted, in which a group of calves was able to
select a diet through voluntary consumption of starter ingredients offered separately.
Furthermore, in the fourth study, several of the most palatable feeds (previously
identified during the second study), were used to evaluate whether this preference was

maintained long-term.

When developing the animal model, we observed that animals had a clear preference
for sweet feeds. Furthermore, we observed that animals showed this preference for
sweet feed using a non-caloric sweetener, indicating that there is a non-metabolic
regulation of pleasure related to feed. With this hypothesis the fifth study was
performed. Moreover, a sixth study was conducted according to the results of a
parallel study from our department (Castells et al., 2012), where it was observed that
forage provision in young calves could increase starter feed consumption, and
consequently improve rumen development. Thus, we designed a sixth study to
evaluate the relevance of particle size of forage on feed intake. The objective was to
determine whether particle size of forage influences solid feed intake and digestibility

around weaning.
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9.1. Oro-sensory preferences in short- and long-term around weaning

Young calves showed preference for sweet feeds in the short-term assays performed
in the first and sixth study. In the first study, sucrose was added to the starter
concentrate to potentially increase its palatability. This result agrees with Nombekela
and Murphy (1995) that reported an increase in sucrose-supplemented diet intake in
cows. Recently, Broderick et al. (2008) reported that in cows, sucrose
supplementation (from 2.5% to 7.5%) replacing starch in long term study increases
DMI and milk fat content, and decreases ruminal concentrations of ammonia and
branched-chain VFAs. However, in the results of our first study these young animals
did not have previous experience with sucrose, and were only allowed to feed sucrose
during 6 h, minimizing post-ingestive effects. These results suggest that calves have

an oro-sensory preference for sucrose independently of its nutritional influence.

Furthermore, in the sixth study, when a non-caloric sweetener was added to the
concentrate, the preference for sweet taste was maintained, reinforcing the concept of
an innate preference for sweet taste. In agreement, several authors (Goatcher and
Church, 1970a; Hellekant et al., 1994) have reported preferences for sweet taste in

water solutions, even when no caloric supply was linked with the sweetener.

These results are consistent with the capability of cattle to perceive neurologically
sweet stimuli (Hard af Segerstad and Hellekant, 1989a, 1989b). These stimuli could
be explained because sweet taste could be related to carbohydrate content in feed
(Ginane et al., 2011), which is the main energy source for ruminants, and it could

explain the innate preference for sweet taste.

When the orange-sweetener flavor was analyzed in a long-term study, no differences
were observed between flavored and unflavored treatment on solid feed consumption.
But, although no significant, starter intake after MR reduction increased more in
calves that received a flavored starter than calves that received an unflavored starter.
It seems that flavor had a strongest effect on the animals that had a low level of
consumption before MR reduction, because calves that received the flavor in the solid
feed starter seemed to increase solid feed consumption and improve ADG compared
to calves that received unflavored starter. Contrary, within calves that showed a high

level of consumption before MR reduction, calves that received flavor showed a
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numerically lower feed consumption than calves that received the unflavored starter.
These results indicate that orange-sweetener flavor stimulates solid feed consumption
in young animals, especially when the solid feed consumption is low. But, this
preference seems to fade out over time, mainly when calves had a high level of
consumption. Other authors suggested (Goatcher and Church, 1970c; Grovum and
Chapman, 1988) that sweet taste could negatively influence solid feed consumption,
and increasing doses of sweet compounds could even lead to rejection or intake

depression.

These results suggested that sweet taste encourages solid feed consumption in short-
term, and it could be useful to stimulate solid feed consumption in young calves. But
in long-term or when calves consumed greater amounts of feed, it is necessary to
consider other aspects, such as post-ingestive effects. For this reason, to maintain this
stimulus to solid feed, balancing nutrient content could avoid negative post-ingestive
effects and help to improve solid feed consumption. Determining the preferences for
the most common ingredients used to formulate starter concentrate could help to
increase solid feed intake minimizing negative post-ingestive effects. In the short-
term assays conducted with the common ingredients used as energy source, wheat
was the preferred ingredient and sorghum, corn, and barley were three of the most
preferred ingredients. Whereas, wheat midlings and oats were two of the least desired,
and rice and corn gluten feed were the least preferred ingredients. Therefore, it seems
that wheat, sorghum, corn and barley could encourage solid feed consumption in
short-term compared to the others ingredients. Surprisingly oats was one of the least
desired ingredient, despite oats are commonly used in starter concentrates for its
hypothetical palatability (Hill et al., 2008). In previous short-term studies (Klopfer,
1981; Sporndly and Asberg, 2006), it was also reported that barley was one of the
most preferred ingredients. However, the preference for wheat or barley in front of
oats was not observed by Spdrndly and Asberg (2006) in a short-term study. The
characteristics of the animals and the method used could explain these differences
with our results. Spdrndly and Asberg (2006) only allowed heifers to feed one feed

per day and used barley as a control feed between short-term assays.

In terms of protein ingredients, soybean was the most preferred ingredient, followed

by dried distillers grains and sunflower meal. On contrary, peas meal, rapeseed meal
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and corn gluten meal were the least desired. In previous short-term assays in bovine
(Sporndly and Asberg, 2006) it has been reported that 550-kg pregnant heifers
preferred rapeseed meal (heat-treated) over soybean meal and ground peas. These
different results could be related to the glucosinolates content of rapeseed, because the
variety and product of rapeseed could vary on glucosinolates content, and decreasing
glucosinolates content increases feed acceptance (Spdrndly and Asberg, 2006).
Despite these differences in short-term studies, it has been observed that there are no
differences on DMI between soybean meal and sunflower meal (Stake et al. 1973),
and between soybean meal and distillers dried grains (Owen and Larson, 1991), in
long-term studies, suggesting that these three ingredients are the most preferred
ingredients among protein sources in long-term. However, rapeseed meal palatability
is not clear in long-term assays. Lardy and Kerley (1994) described that rapeseed
products usually result in low DMI compared to soybean meal, but, on the other hand,
Bertilsson et al. (1994) reported that rapeseed meal (heat-treated) was preferred in

front of soybean meal or rapeseed expeller.

Corn and barley were the preferred ingredients among the carbohydrate sources,
whereas oats was the least preferred. Full fat soybean was also one of the three most
preferred ingredients, whereas soyhulls was the second least preferred. Long-term
preferences involve the interrelationship between the senses and post-ingestive
feedbacks, as influenced by an animal’s physiological condition and food’s chemical
characteristics (Provenza, 1996). Young calves have high protein requirements, and
probably soybean products produced hedonic sensations from taste and smell as a
function of a food’s homeostatic utility (Provenza and Villalba, 2006) without being
harmful due to the excess of nitrogen consumption. On contrary, oats meal was not
preferred in short- and long-term studies, suggesting that feed characteristics (short-

term) and post-ingestive effects (long-term) are not the most desired for young calves.

When protein and energy ingredients were combined and offered together, young
calves showed short-term preferences mainly for wheat and soybean meal. Sorghum,
barley, corn, dried distillers grains and sunflower meal were also among preferred
ingredients in young calves. These ingredients have food characteristics that
encourage solid feed consumption. Nowadays, most studies have investigated the

importance of physical and chemical characteristics of the foods, such as density,
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biomass or nutrient content. Less attention has been paid to their organoleptic
characteristics, despite the potential role of these in feeding behavior. To consider the
organoleptic characteristics of ingredients when a concentrate starter is formulate

could improve calves’ appetence for solid feed encouraging their intake.

Physical food characteristics also influence solid feed consumption. The particle size
of roughage played an important role on solid feed consumption in the sixth study.
Calves that received the mixture of starter with chopped forage (3-4 cm) sorted for
forage, while calves that received the mixture of starter with ground forage (2 mm)
sorted for starter or against forage. Perhaps, these observations were potentially due to
increased keratinization of ruminal papillae of animals receiving small forage
particles (McGavin and Morrill, 1976). This fact could have induced post-ingestive
negative effects reducing consumption in a long-term. Chopped forage seems to be
preferred in front of ground forage. Accordingly, Woodford and Murphy (1988)
reported that reducing forage particle size in diets for early lactation cows decreased
DMI. However, when feeding poor-quality forages or high-forage diets, reducing
forage particle size significantly increased DMI (Moore et al., 1964; Osuji et al.,
1975). In the sixth study, this preference for chopped forage seemed to be related to a
positive post-ingestive effect, because calves that received chopped forage displayed
greater digestibilities compared to calves that received ground calves. Previous
studies reported that providing chopped diets or forage increase chewing activity, and
consequently increases ruminal pH, and help to maintain the integrity and healthiness
of the rumen wall (Krause et al., 2002; Yansari et al., 2004). It could be speculated
that that young calves have preference for chopped hay because it improves

digestibility and rumen development.

In summary, feed characteristics (physical and chemical) modulate solid feed
consumption. Taste, related to chemical compounds, and particle size have a clear
influence on feeding behavior, indicating that organoleptic characteristics have to be
considered to improve solid feed consumption. But, the hedonic value of ingredients
must be associated with a positive post-ingestive effect to encourage solid feed

consumption in long-term.
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9.2. Feeding strategies that could increase solid feed consumption around

weaning

The potential effect of previous exposure to a familiar flavor early in life could
increase solid feed intake. In humans, it has been shown that consumption of a flavor
during breastfeeding facilitates acceptance for novel foods (Hausner et al., 2010). In
the third study of this thesis, flavor effect around weaning influenced in different
manner young calves. As described above, calves with high level of consumption at
weaning did not increase solid feed intake. On contrary calves with low level of
consumption increased solid feed intake. This fact could be explained because all
calves were weaned at the same day, but calves differed on BW and solid feed
consumption, suggesting that calves’ characteristics were different. These differences
could influence feed preferences (Provenza et al., 1996; Villalba and Provenza, 1996).
Furthermore, animals had 22 d of age when the study began, and probably these
animals experienced with solid feed before the study. Experiences early in life have
been shown to affect the learning of feeding behavior in ruminants, with differences
in feed preferences greatest when experiences occur earlier rather than later in life
(Arnold and Maller, 1977; Provenza and Balph, 1987; Nolte et al., 1990). Miller-
Cushon and DeVries (2011) suggested that feed familiarity affects initial diet
selection post-weaning. This could explain why calves with high level of
consumption consumed less starter when the orange-sweetener flavor was added,
because the change of starter could cause neophobia or fear to novel feed in cattle
(Herskin and Munksgaard, 2000). Moreover, a typical recommendation was to wean
calves when intake of starter reached 700 to 1000 g/d for three consecutive days
(Morril, 1992), and calves with low feed consumption consumed 615 g/d, whereas
high feed consumption described 1330 g/d. Furthermore, in the third study calves
received starter concentrate with flavor at 7 wk of age, whereas Morril and Dayton
(1978) who reported an increase in solid feed intake when adding a commercial flavor
in young calves during the first 5 wk of age. These results suggest that to achieve an
increase on feed consumption adding a flavor on solid feed and MR, it has to be
performed on young calves with low or null experience with solid feed, as early in life
as possible, then this flavor could encourage solid feed consumption. Applying this
flavor later in life could have negative effect as a consequence of previous

experiences that could modify the intrinsic characteristics of each animal.
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To determine the intrinsic characteristics of each calf, other proposed strategy to
increase solid feed consumption around weaning, was to offer different ingredients
separately. It has been reported that each animal may have different individual feed
preferences, nutrient tolerances (Provenza et al., 1996; Villalba and Provenza, 1996;
Scott and Provenza, 1999) and nutrient needs (Provenza et al., 2003). In the fourth
study in this thesis, it has been observed that calves that received different ingredients
separately described a similar DMI compared to calves that received concentrate
intake. However, nutrient and ingredient consumption was different among these
groups. Atwood et al. (2001) compared a mixed ration of rolled barley (31.3 %),
rolled corn (31.3 %), corn silage (15.5 %) and alfalfa hay (18.9 %) to a choice among
those feeds offered individually. In this study, no differences were observed in BW
gain, ratios of protein to energy consumed. However, animals that received the mixed
ration tended to eat more than animals that received a choice. In contrast, in the fourth
study of this thesis, calves that were able to select their diet described similar growth
than calves that received mixed ration, but a greater ratio of protein to energy was
observed in calves offered a choice compared to calves offered a mixed ration.
Consequently, protein efficiency was lower in choice group than in the mixed ration
group. In contrast, Manteca et al. (2008) suggested that without the ability to choose,
individual animals may be forced either to over- or under-consume particular
nutrients, consequently animals could use nutrients inefficiently. Previous studies
conducted in lambs or sheep have demonstrated the capability to select a diet
balanced for macronutrients in response to their changing needs (Kyriazakis and
Oldham, 1997; Villalba and Provenza, 1999; Scott and Provenza, 2000), and in some
animals reaching their nutritional needs more accurately than feeding animals in a
non-selecting feeding system (Provenza, 1996; Early and Provenza, 1998). The
difference between results found herein and those reported in previous studies are
probably due to the species used and the quantity and characteristics of feeds offered.
In the fourth study of this thesis, calves had access to six different ingredients,
whereas in previous studies lambs or sheep had less than six options of feeds
available, and some of these studies were conducted offering imbalanced protein-
energy diets and a choice of protein or energy supplement to correct the imbalanced
diet offered (Kyriazakis and Oldham, 1997; Scott and Provenza, 2000). Offering six
different ingredients made more difficult to achieve a balanced diet compared to

animals that received protein-deficient diet with a choice of energy or protein
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supplement. Furthermore, offering a choice makes it more difficult for the animal to
associate a post-ingestive effect or a consequence with the food responsible (Duncan
and Young 2002; Favreau et al., 2010). Despite these differences, in the fourth study
of this thesis, calves were able to meet their nutrient requirements and did not reduce
solid feed consumption and ADG compared to mixed ration group, although they
were less efficient utilizing dietary protein. However, offering different ingredients in
young calves could present some problems to increase solid feed consumption,

because calves are not efficient and calves could excess some nutrient consumption.

Roughage could play an important role on rumen development and consequently on
rumen health, minimizing negative post-ingestive effects. For this reason, to increase
solid feed consumption around weaning an alternative option may be providing forage
before weaning. As mentioned in the introduction, forage inclusion before around
weaning is a controversial issue. But recent studies reported that forage inclusion
could improve ADG, total DMI (Castells et al., 2012) and feed efficiency (Coverdale
et al., 2004). Castells et al. (2012) reported that chopped grass hays or grass silages
increased solid feed consumption, whereas chopped alfalfa hay reduced starter
concentrate consumption (and as a result impaired performance). This study claimed
that forage supplementation could improve solid feed, but the source of forage is
crucial. In the sixth study of this thesis, offered chopped grass hay to pre-weaned
calves increased solid feed consumption compared to ground grass hay after weaning.
Furthermore, chopped grass hay improved feed, CP, NDF and ADF digestibilities.
This result determined that the particle size of forage provision is also important to

achieve an improvement in solid feed consumption.

The physical characteristics of roughages, such as coarseness, bulkiness, and
abrasiveness, have been reported as necessary to maintain the integrity and
healthiness of the rumen wall (Haskins et al., 1969). Recently, it has been observed
that providing chopped diets or forage increases chewing activity, and consequently
increases ruminal pH, improving rumen status (Krause et al., 2002; Yansari et al.,
2004). In agreement with these beneficial effects on rumen development, chopped hay
seems to improve rumen environment and, consequently, may elicit positive post-
ingestive effects leading to increasing solid feed consumption around weaning.

Furthermore the increase in nutrient digestibilities suggests that young calves that
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received chopped forage during the first weeks of age are more efficient and more

adapted to consume solid feed later on.

In summary, considering the use of preferred flavors early in life related to MR,
offering solid feed as a mixed ration, voiding the possibility of ingredient choices, and
mixing this diet with long particle size roughage represent interesting alternatives to

increase solid feed consumption in young calves.

9.3. Intake regulation through hedonism in young calves

In humans, opiate peptides have been shown to play an important role in control of
food intake (De Zwaan and Mitchell, 1992), basically influencing oro-sensory reward

mechanisms in feeding (Berridge et al., 2009).

Blocking opiate receptors had an effect in regulating short-term (2 h) feed intake in
well fed calves, but not in fasted calves. Accordingly, Barbano and Cador (2006)
showed that the effects of opiates are only visible in well-fed animals because under
feed-deprivation states the effect of other metabolic hormones overruns the feed
control by opiates. Furthermore, it has been described that naloxone has a half-life of
1 h in humans (Nagi et al., 1976). These results support the hypothesis that opiates are
implicated in short-term regulation of intake. Accordingly, previous studies in sheep
reported that intravenous injection of an opiate receptor antagonist decreased feed
intake for 2 h (Baile et al., 1981) or 4 h after administration (Alavi et al., 1991; Obese
et al.,, 2007). Furthermore, Burgwald-Balstad et al. (1995) described that naloxone-
injected heifers decreased intake compared to those receiving saline one hour and two

hours after feeding.

The majority research conducted with opiates antagonist in ruminants has been
performed to improve the knowledge about opiod systems role on intake regulation,
i.e., the influence of naloxone on intake, ruminal fermentation, nutrient digestibilities,
digesta kinetics, and plasma hormone and metabolite concentration (Burgwald-
Balstad et al., 1995). But, to our knowledge until our study, the influence of the
opioid systems on pleasantness related to feed consumption had not been studied in
ruminants. As described above, calves have a preference for sweet feed. However,

naloxone injection did not allow calves to discern between a sweet and control
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concentrates, suggesting that the opiate peptide system may regulate short-term feed
intake by mediating the pleasure response to feed. Accordingly, it has been reported
that blocking opioid receptors decreases pleasantness of certain foods, including
sweet solutions, sugar/fat mixtures, and salted soup in humans (Fantino et al., 1986;
Yeomans and Wright, 1991; Bertino et al., 1991; Drewnowski et al., 1992) and
reducing intake of palatable sweet liquids such as glucose, sucrose or saccharin
solutions in rodents (Holtzman, 1975; Lynch and Libby, 1983; Kirkham and Cooper,
1988; Morabia et al., 1989).

Our results suggest that naloxone might regulate voluntary intake by inhibiting the
pleasure response to feed, and consequently decreasing the energy intake in weaned
calves. However, no clear interaction was observed with other metabolites related to
energy homeostasis. It seems that opiates influence feed intake regulation through
oro-sensory reward mechanisms in young calves, indicating that feed characteristics
(odor, taste, etc.) could influence solid feed consumption apart from post-ingestive

effects or nutritive characteristics.
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Conclusions

The results obtained in this thesis allow concluding that:

1.

Young calves have oro-sensory preferences for sweet taste, through sucrose or
sweetener supplementation around weaning in short-term assays. Orange-
flavored sweeteners improve solid feed consumption and growth in animals
with low appetence for solid feed.

Wheat and soybean meal are highly preferred by young calves in short-term
assays. Young calves also have preference for soybean products (meal and full
fat) in long-term assays. On the other hand, oats were the least desired in long-
term studies.

Flavoring milk replacer and starter concentrate in the same manner increases
consumption in young calves with low appetence for solid feed.

Young calves sort in favor of coarse particles of forage when it is offered in a
mixed ration with starter concentrate. Contrary, young calves reject fine
particles of forage when it is offered in a mixed ration with starter concentrate.
Calves offered a voluntary selection of ingredients separately have similar
solid feed consumption and growth than calves offered a conventional starter.
However, calves that receive different ingredients separately consume
different amount of ingredients and nutrients, using crude protein more
inefficiently.

Providing young calves a forage with a coarse particle size (3-4 cm) mixed
with a starter improves dry matter intake and feed efficiency after weaning, as
a consequence of an improvement of digestibility. Furthermore, it reduces
undesirable behaviors, such as non-nutritive oral behaviors.

Opiate peptides are implicated in the control of feed regulation, and their
participation in the modulation of intake is more important in well-fed than in

undernourished animals.

125






Chapter 11

LITERATURE CITED

127



Literature cited

Adam, C. L., Z. A. Archer, P. A. Findlay, L. Thomas, and M. Marie. 2002.
Hypothalamic gene expression in sheep for cocaine- and amphetamine-regulated
transcript, pro-opiomelanocortin, neuropeptide Y, agouti-related peptide and leptin
receptor and responses to negative energy balance. Neuroendocrinology 75:250-
256.

Agarwal, N., D. N. Kamara, L. C. Chaudhary, I. Agarwal, A. Sahoo, and N. N.
Pathak. 2002. Microbial status and rumen enzyme profile of crossbred calves fed
on different microbial feed additives. Lett. Appl. Microbiol. 34:329-336.

Akayezu, J. M., J. G. Linn, D. E. Otterby, and W. P. Hansen. 1994. Evaluation of calf
starters containing different amounts of crude protein for growth of Holstein
calves. J. Dairy Sci. 77:1882-1889.

Alavi, F. K., J. P. McCann, A. Mauromoustakis, and S. Saniah. 1993. Feeding
behavior and its responsiveness to naloxone differ in lean and obese sheep.
Physiol. Behav. 53:317-323.

Alavi, F. K., J. P. McCann, S. Saniah, and A. Mauromoustakos. 1991. Effects of
naloxone on ad libitum intake and plasma insulin, glucose and free fatty acids in
maintenance fed sheep. Domest. Anim. Endocrinol. 8:109-115.

Allen, M. S. 2000. Effects of diet on short-term regulation of feed intake by lactating
dairy cattle. J. Dairy Sci. 83:1598-1624.

Allen, M. S., B. J. Bradford, and M. Oba. 2009. Board-Invited Review: The hepatic
oxidation theory of the 174 control of feed intake and its application to ruminants.
J. Anim. Sci. 87:3317-3334.

Anderson, K. L., T. G. Nagaraja, and J. L. Morrill.1987a. Ruminal and metabolic
development in calves weaned conventionally or early. J. Dairy Sci. 70:1000-1005.

Anderson, K. L., T. G. Nagaraja, J. L. Morrill, T. B. Avery, S. J. Galitzer, and J. E.
Boyer. 1987b. Ruminal microbial development in conventionally or early-weaned
calves. J. Anim. Sci. 64:1215-1226.

AOAC. 2000. Official Methods of Analysis. Vol. I. 17th ed. Association of Official
Analytical Chemists International, Arlington, Virginia, USA.

Appel, N. M., N. S. Track, and G. R. Van-Loon. 1987. Autonomic and endocrine
participation in opioid peptide-induced hyperglycemia. J. Auton. Nerv. Syst.
20:221-231.

Appleman, R. D., and F. G. Owen. 1975. Breeding, housing, and feeding
management. J. Dairy Sci. 58:447-464.

128



Literature cited

Arave, C.W., 1997. Assessing sensory capacity of animals using operant technology.
J. Anim. Sci. 74, 1996-2009.

Archer, Z. A., S. M. Rhind, P. A. Findlay, C. E. Kyle, L. Thomas, M. Marie, and C.
L. Adam. 2002. Contrasting effects of different levels of food intake and adiposity
on LH secretion and hypothalamic gene expression in sheep. J. Endocrinol.
175:383-393.

Armentano, L. E., and M. R. Dentine. 1988. Wet corn gluten feed as a supplement for
lactating dairy cattle and growing heifers. J. Dairy Sci. 71:990-995.

Arnold, C. W., and R. A. Maller. 1977. Effects of nutritional experiences in early and
adult life on the performance and dietary habit of sheep. Appl. Anim. Ethol. 3:5-
26.

Atwood, S. B., F. D. Provenza, R. D. Wiedmeier, and R. E. Banner. 2001. Influence
of free-choice vs mixed-ration diets on food intake and performance of fattening
calves. J. Anim. Sci. 79:3034-3040.

Bach, A., S. Calsamiglia, and M. D. Stern. 2005. Nitrogen metabolism in the rumen.
J. Dairy Sci. 88:E9-21(Suppl 1).

Bach, A., A. Giménez, J. L. Juaristi and J. Ahedo. 2007. Effects of physical form of a
starter for dairy replacement calves on feed intake and performance. J. Dairy Sci.
90:3028-3033.

Bach, A., J. J. Villalba, and 1. R. Ipharraguerre. 2012. Interactions between mild
nutrient imbalance and taste preferences in young ruminants. J. Anim. Sci.
90:1015-1025

Bahar, B., and T. Sweeney. 2008. Mapping of the transcription start site (TSS) and
identification of SNPs in the bovine neuropeptide Y (NPY) gene. BMC Genet.
9:91-101.

Baile, C. A., and J. M. Forbes. 1974. Control of feed intake regulation of energy
balance in ruminants. Physiol. Rev. 54:160-214.

Baile, C. A., D. A. Keim, M. A. Della-Fera, and C. L. McLaughlin. 1981. Opiate
antagonist and agonist and feeding in sheep. Physiol. Behav. 26:1019-1023.

Baldwin, R. L., VI, K. R. Mc Leod, J. L. Klotz, and R. N. Heitmann. 2004. Rumen
development, intestinal growth and hepatic metabolism in the pre- and post-

weaning ruminant. J. Dairy Sci. 87 (E Suppl.): E55-E65.

129



Literature cited

Barbano, M. F., and M. Cador. 2006. Differential regulation of the consummatory,
motivational and anticipatory aspects of feeding behavior by dopaminergic and
opiodergic drugs. Neuropsychopharmacology. 31:1371-1381.

Bartlett, K. S., F. K. McKeith, M. J. VandeHaar, G. E. Dahl, and J. K. Drackley.
2006. Growth and body composition of dairy calves fed milk replacers containing
different amounts of protein at two feeding rates. J. Anim. Sci. 84:1454—-1467.

Bascom, S., R. E. James, M. L. McGilliard, and M. E. Van Amburgh. 2007. Influence
of dietary fat and protein on body composition of Jersey bull calves. J. Dairy Sci.
90:5600-5609.

Baumont, R. 1996. Palatability and feeding behaviour in ruminants. A review. Ann.
Zootech. 45:385-400.

Baumont, R., N. Seguier, and J. P. Dulphy. 1990. Rumen fill, forage palatability and
alimentary behaviour in sheep. J. Agric. Sci. 115: 277-284.

Beharka, A. A., T. G. Nagaraja, J. L. Morrill, G. A. Kennedy, and R. D. Klemm.
1998. Effect of form of the diet on anatomical, microbial and fermentative
development of the rumen of neonatal calves. J Dairy Sci. 81:1946-1955.

Berridge, K. C. 2009. ‘Liking’ and ‘wanting’ food rewards: Brain substrates and roles
in eating disorders. Physiol. Behav. 97:537-550.

Berridge, K. C., T. E. Robinson, and J. W. Alridge. 2009. Dissecting components of
reward: ‘liking’, ‘wanting’, and learning. Curr. Opin. Pharmacol. 9:65-73.

Bertilsson, J., M. Emanuelson, and M. Murphy. 1994. Linseed products for dairy
cows. Report 229, Dept. Anim. Nutr. Management, Swedish Univ. Agric. Sci.,
Uppsala, Sweden.

Bertino, M., G. K. Beauchamp, and K. Egelman. 1991. Naltrexone, an opioid blocker,
alters taste perception and nutrient intake in humans. Am. J. Physiol. 261:R59-
R63.

Blome, R. M., J. K. Drackley, F. K. McKeith, M. F. Hutjens, and G. C. McCoy. 2003.
Growth, nutrient utilization, and body composition of dairy calves fed milk
replacers containing different amounts of protein. J. Anim. Sci. 81:1641-1655.

Boden, G., C. A. Baile, C. L. McLaughlin, and F. M. Matschinsky. 1981. Effects of
starvation and obesity on somatostatin, insulin, and glucagon release from an
isolated perfused organ system. Am. J. Physiol. 241:E215-E220.

Borderas, T. F., A. M. de Passillé, and J. Rushen. 2009. Feeding behavior of calves
fed small or large amounts of milk. J. Dairy Sci. 92:2843-2852.

130



Literature cited

Brockman, R. P., and E. N. Bergman. 1975. Quantitative aspects of insulin secretion
and its hepatic and renal removal in sheep. Am. J. Physiol. 229:1338-1343.

Broderick, G. A., N. D. Luchini, S. M. Reynal, G. A. Varga, and V. A. Ishler. 2008.
Effect on production of replacing dietary starch with sucrose in lactating dairy
cows. J. Dairy Sci. 91:4801-4810.

Brown, E. G., M. J. VanderHaar, K. M. Daniels, J. S. Liesman, L. T. Chapin, J. W.
Forrest, R. M. Akers, R. E. Pearson, and M. S. Nielsen. 2005. Effect of increasing
energy and protein intake on mammary development in heifer calves. J. Dairy Sci.
88:595-603.

Brownlee, A. 1956. The development of rumen papillae in cattle fed on different
diets. Br. Vet. J. 112:369-375.

Burgwald-Balstad, L. A., J. S. Caton, V. L. Burke, and K. C. Olson. 1995. Influence of
forage level and naloxone injection on feed intake, digestion, and plasma hormone
and metabolite concentrations in dairy heifers. J. Anim. Sci. 73:2677-2686.

Burrit, E. A., and F. D. Provenza. 1989. Food aversion learning: ability of lambs to
distinguish safe from harmful foods. J. Anim. Sci. 67:1732-1739.

Bush, R. S. 1989. Preference among different grains expressed by young holstein
calves. Can. J. Anim. Sci. 69:1099-1103.

Cannas, A., A. Mereu, M. Decandia, and G. Molle. 2009. Role of the sensorial
perceptions in feed selection and intake by ruminants. Italian J. Anim. Sci. 8
(Suppl. 2): 243-251.

Castells, L1., A. Bach, G. Araujo, C. Montoro, and M. Terré. 2012. Effect of different
forage sources on performance and feeding behavior of Holstein calves. J. Dairy
Sci. 95:286-293.

Catherman, D. R. 2002. Evaluation of dried whole egg and egg components in calf
milk replacers. J. Dairy Sci. 85(Suppl. 1):307. (Abstr.)

CCAC. 2009. Guidelines on: The care and use of farm animals in research, teaching
and testing. Canadian Council on Animal Care, Ottawa, ON, Canada.

Center for Animal Health Monitoring. 1993. Dairy herd management practices
focusing on preweaned calves heifers. USDA, Anim. Plant Health Inspection
Serv., Vet. Serv., Fort Collins, CO.

Chaillou, E., R. Baumont, G. Tramu, and Y. Tillet. 2000. Effect of feeding on Fos

protein expression in sheep hypothalamus with special reference to the supraoptic

131



Literature cited

and paraventricular nuclei: An immunohistochemical study. Eur. J. Neurosci.
12:4515-4524.

Cheema, A. U., M. L. Galyean, J. S. Caton, and A. S. Freeman. 1991. Influence of
protein levels and naloxone on ruminal fermentation, serum hormones and
metabolites in lamb fed oat hay or barley straw. Small Rumin. Res. 5:47-55.

Choi, B. R., and D. L. Palmquist. 1996. High fat diets increase plasma
cholecystokinin and pancreatic polypeptide, and decrease plasma insulin and feed
intake in lactating cows. J. Nutr. 126:2913-2919.

Church, D. C. 1979. Taste, appetite and regulation of energy balance and control of
food intake. I. Appetite, taste and palatability. In: Digestive Physiology and
Nutrition of Ruminants. Edited by D. C. Church. O&B Books, Corwallis, OR,
USA.

Clarke, I. J. 2001. Sex and season are major determinants of voluntary food intake in
sheep. Reprod. Fertil. Dev. 13:577-582.

Cole, N. A., and D. M. Hallford. 1994. Influence of propionate load in fed or unfed
lambs on blood metabolites and hormone patterns. J. Anim. Sci. 72: 2141-2148.
Colebrook, W. F., J. L. Black, and P. A. Kenney. 1985. Effect of sensory factors on

diet selection by sheep. Proc. Nutr. Soc. (Austr.) 10:99-102.

Coverdale, J. A., H. D. Tyler, J. D. Quigley III, and J. A. Brumm. 2004. Effect of
various levels of forage and form of diet on rumen development and growth in
calves. J. Dairy Sci. 87:2554-2562.

Cowles, K. E., R. A. White, N. L. Whitehouse, and P. S. Erickson. 2006. Growth
characteristics of calves fed an intensified milk replacer regimen with additional
lactoferrin. J. Dairy Sci. 89:4835-4845.

Cowley, M. A., J. L. Smart, M. Rubinstein, M. G. Cerdan, S. Diano, T. L. Horvath, R.
D. Cone, and M. J. Low. 2001. Leptin activates anorexigenic POMC neurons
through a neural network in the arcuate nucleus. Nature. 411:480-484.

Curtis, C. R., H. N. Erb, and M. E. White. 1988. Descriptive epidemiology of
calthood morbidity and mortality in New York Holstein herds. Prev. Vet. Med.
5:293-307.

Curry, D. L., L. L. Bennet, and L. C. Hao. 1987. Stimulation of insulin secretion by
beta-endorphins (1-27 and 1-31). Life Sci. 40:2053-2058.

Davis, C. L., and J. K. Drackley. 1998. The Development, Nutrition, and
Management of the Young Calf. lowa State Univ. Press, Ames, [A, USA.

132



Literature cited

De Paula Vieira, A., V. Guesdon, A. M. de Passillé, M. A. G. von Keyserlingk, and
D. M. Weary. 2008. Behavioural indicators of hunger in dairy calves. Appl. Anim.
Behav. Sci. 109:180-189.

De Zwaan, M., and J. E. Mitchell. 1992. Opiate antagonists and eating behavior in
humans: A review. J. Clin. Pharmacol. 32:1060-1072.

Della Fera, M. A. and C. A. Baile. 1979. CCK-octapeptide injected in CSF causes
satiety in sheep. Ann. Rech. Vet. 10:234-236.

DeVries, T. J., K. A. Beauchemin, and M. A. G. von Keyserlingk. 2007. Dietary
forage concentrate affects the feed sorting behavior of lactating dairy cows. J.
Dairy SCi. 90:5572-5579.

Diaz, M. C., M. E. Van Amburgh, J. M. Smith, J. M. Kelsey, and E. L. Hutten. 2001.
Composition of growth of Holstein calves fed milk replacer from birth to 105-
kilogram body weight. J. Dairy Sci. 84:830-842.

Di Marzo, V., and 1. Matias. 2005. Endocannabinoid control of food intake and
energy balance. Nature Neurosci. 8:585-589.

Donnelly, P. E. 1983. Effects of dietary carbohydrate:fat ratio on growth and body
composition of milk-fed calves. New Zealand. J. Agr. Res. 26:71-77.

Drackley, J. K. 2008. Calf nutrition from birth to breeding. Vet. Clin. North Am.
Food. Anim. Pract. 24:55-86.

Drewnowski, A., D. D. Krahn, A. Demitrack, K. Nairn, and B. A. Gosnell. 1992.
Taste responses and preferences for sweet high-fat foods: Evidence for opioid
involvement. Physiol. Behav. 51:371-379.

Duncan, A. J., and S. A. Young. 2002. Can goats learn about foods through
conditioned food aversions and preferences when multiple food options are
simultaneously available? J. Anim. Sci. 80:2091-2098.

Early, D. M., and F. D. Provenza. 1998. Food flavor and nutritional characteristics
alter dynamics of food preference in lambs. J. Anim. Sci. 76:728-734.

Ehrhardt, R. A., R. M. Slepetis, J. Siegal-Willott, M. E. Van Amburgh, A. W. Bell,
and Y. R. Boisclair. 2000. Development of a specific radioimmunoassay to
measure physiological changes of circulating leptin in cattle and sheep. J.
Endocrinol. 166:519-528.

Fantino, M., J. Hosotte, and M. Apfelbaum. 1986. An opioid antagonist, naltrexone,

reduces preferences for sucrose in humans. Am. J. Physiol. 251:R91-R96.

133



Literature cited

Ferevik, G., I. L. Andersen, M. B. Jensen, and K. E. Bege. 2007. Increased group size
reduces conflicts and strengthens the preference for familiar group mates after
regrouping of weaned dairy calves (Bos taurus). Appl. Anim. Behav. Sci. 108:215—
228.

Ferevik, M. B. Jensen, and K. E. Bee. 2010. The effect of group composition and age
on social behavior and competition in groups of weaned dairy calves. J. Dairy Sci.
93:4274-4279.

Ferevik, G., K. Tjentland, S. Lovik, I. L. Andersen, and K. E. Bge. 2008. Resting
pattern and social behavior of dairy calves housed in pens with different sized
lying areas. Appl. Anim. Behav. Sci. 114:54—64.

Faverdin, P. 1999. The effect of nutrients on feed intake in ruminants. Proc. Nutr.
Soc. 58:523-531.

Faverdin, P., Baumont, R., Ingvartsen, K.L., 1995. Control and prediction of feed
intake in ruminants, in: Proceedings of the IV International Symposium on the
Nutrition of Herbivores, Recent Developments in the Nutrition of Herbivores.
Edited by M. Journet, E. Grenet, M. H. Farce, M. Thériez, and C. Demarquilly.
INRA editions, Paris, France.

Favreau, A., Baumont R., Ferreira, G., Dumont, B., Ginane, C., 2010. Sheep use pre-
ingestive cues as indicators of post-ingestive conséquences to improve food
Learning. J. Anim. Sci. 88,1535-1544

Flatt, W. P., R. G. Warner, and J. K. Loosli. 1958. Influence of purified materials on
the development of the ruminant stomach. J. Dairy Sci. 41:1593-1600.

Fiems, L. O., Ch. V. Boucqué, B. G. Cottyn, and F. X. Buysse. 1985. Evaluation of
rapessed meal with low and high glucosinolates as a protein source in calf starters.
Livest. Prod. Sci. 12:131-143.

Forbes, J. M. 1971. Physiological changes affecting voluntary food intake in
ruminants. Proc. Nutr. Soc. 30:135-142.

Forbes, J. M. 1986. Dietary factors affecting intake. In: The Voluntary Intake of Farm
Animals. Butterworths, London, UK.

Forbes, J. M. 1995a. Physical limitation of feed intake in ruminants and its
interactions with other factors affecting intake. In: Ruminant Physiology:
Digestion, Metabolism, Growth and Reproduction. Proceedings of the Eighth
International Symposium on Ruminant Physiology. Edited by W. W. Engelhardt,

134



Literature cited

S. Leonhard-Marek, G. Breves, and D. Giesecke. Ferdinand Enke Verlag,
Stuttgart, Germany.

Forbes, J. M. 2007. Voluntary food intake and diet selection in farm animals.
Cab. International, Wallingford, UK.

Forbes, J. M., and I. Kyriazakis. 1995. Food preferences in farm animals: Why
don’t they always choose wisely? Proc. Nutr. Soc. 54:429-440.

Franklin, S. T., D. M. Amaral-Phillips, J. A. Jackson, and A. A. Campbell. 2003.
Health and performance of Holstein calves that suckled or were hand-fed
colostrums and were fed one of three physical forms of starter. J. Dairy Sci.
86:2145-2153.

Galef, B. G., and P. W. Henderson. 1972. Mother’s milk: a determinant of the feeding
preferences of weaning rat pups. J. Comp. Physiol. Psychol. 78:213-219.

Galef, B. G., and D. F. Sherry. 1973. Mother's milk: a medium for transmission of
cues reflecting the flavor of mother's diet. J. Comp. Physiol. Psychol. 83:840-845.

Gherardi, S. G., and J. L. Black. 1991. Effect of palatability on voluntary feed
intake by sheep. 1. Identification of chemicals that alter the palatability of a
forage. Aust. J. Agric. Res. 42:571-584.

Giraudo, S. Q., M. K. Grace, C. C. Welch, C. J. Billington, and A. S. Levine. 1993.
Naloxone's anorectic effect is dependent upon the relative palatability of food.
Pharma. Bioch. Behav. 46:917-921.

Glass, M. J., C. J. Billington, and A. S. Levine. 1999. Opioids and food intake:
Distributed functional neural pathways? Neuropeptides. 33:360-368.

Goatcher, W. D., and D. C. Church. 1970a. Taste responses in ruminants. I.
Reactions of sheep to sugars, saccharin, ethanol and salts. J. Anim. Sci.
30:777-783.

Goatcher, W. D., and D. C. Church. 1970b. Taste responses in ruminants. II.
Reactions of sheep to acids, quinine, urea and sodium hydroxide. J. Anim. Sci.
30:784-790.

Goatcher, W. D., and D. C. Church. 1970c. Taste responses in ruminants. III.
Reactions of pygmy goats, normal goats, sheep and cattle to sucrose and sodium
chloride. J. Anim. Sci. 31:364-372.

Godden, S. M., J. P. Fetrow, J. M. Freitag, L. R. Green, and S. J. Wells. 2005.
Economic analysis of feeding pasteurized non-salable milk versus conventional

milk replacer to dairy calves. J. Am. Vet. Med. Assoc. 226:1547-1554.

135



Literature cited

Goff, S. A., and H. J. Klee. 2006. Plant volatile compounds: Sensory cues for health
and nutritive value? Science 311:815-819.

Greenhalgh, J. F. D., and G. W. Reid. 1971. Relative palatability to sheep of straw,
hay and dried grass. Br. J. Nutr. 26:107-116.

Greenhalgh, J. F. D., and G. W. Reid. 1974. Long and short-term effects on intake of
pelleting a roughage for sheep. Anim. Prod. 19:77-86.

Greenwood, R. H., J. L. Morrill, and E. C. Titgemeyer. 1997a. Using dry feed intake
as a Percentage of initial body weight as a weaning criterion. J. Dairy Sci.
80:2542-2546.

Greenwood, R. H., J. L. Morrill, E. C. Titgemeyer, and G. A. Kennedy. 1997b. A new
method of measuring diet abrasion and its effect on the development of the
forestomach. J. Dairy Sci. 80:2534-2541.

Grovum, W. L. 1981. Factors affecting the voluntary intake of food by sheep. 3. The
effect of intravenous infusions of gastrin, cholecystokinin and secretin on motility
of the reticulo-rumen and intake. Br. J. Nutr. 45:183-201.

Grovum, W. L., and H. W. Chapman. 1988. Factors affecting the voluntary intake of
food by sheep. IV. The effect of additives representing the primary tastes on sham
intakes by oesophageal-fistulated sheep. Br. J. Nutr. 59:63-72.

Hard af Segerstad, C., and G. Hellekant. 1989a. The sweet taste in the calf. I. Chorda
tympani proper nerve responses to taste stimulation of the tongue. Physiol. Behav.
45:633-637.

Hard af Segerstad, C., and G. Hellekant. 1989b. The sweet taste in the calf. II.
Glossopharyngeal nerve responses to taste stimulation of the tongue. Physiol.
Behav. 45:1043-1047.

Haskins, B. R., M. B. Wise, H. B. Craig, T. N. Blumer, and E. R. Barrack. 1969.
Effects of adding low levels of roughage or roughage substitutes to high energy
rations of fattening steers. J. Anim. Sci. 29:348-356.

Hausner, H., S. Nicklaus, S. Issanchou, C. Mpglgaard, and P. Mpglle. 2010.
Breastfeeding facilitates acceptance of a novel dietary flavour compound. Clinical
Nutrition 29:141-148.

Hawkes, J., M. Hedges, P. Daniluk, H. F. Hintz and H. F. Schryver. 2010. Feed
preferences of ponies. Equine Vet. J. 17: 20-22.

Heinrichs, A. J., S. J. Wells, and W. C. Losinger. 1995. A study of the use of milk
replacer for dairy calves in the United States. J. Dairy Sci. 78:2831-2837.

136



Literature cited

Hellekant, G., C. Hard af Segerstad, T. W. Roberts. 1994. Sweet taste in calf: III.
Behavioral responses to sweeteners. Physiol. Behav. 56:555-562.

Henry, B. A., J. W. Goding, W. S. Alexander, A. J. Tilbrook, B. J. Canny, F.
Dunshea, A. Rao, A. Mansell, and I. J. Clarke. 1999. Central administration of
leptin to ovariectomized ewes inhibits food intake without affecting the secretion
of hormones from the pituitary gland: Evidence for a dissociation of effects on
appetite and neuroendocrine function. Endocrinology 140:1175-1182.

Henry, B. A., A. Rao, B. A. Ikenasio, K. G. Mountjoy, A. J. Tilbrook, and I. J. Clarke.
2001. Differential expression of cocaine- and amphetamine-regulated transcript
and agouti related-protein in chronically food-restricted sheep. Brain Res. 918:40-
50.

Henry, B. A., A. J. Tilbrook, F. R. Dunshea, A. Rao, D. Blache, G. B. Martin, and I. J.
Clarke. 2000. Long-term alterations in adiposity affect the expression of melanin-
concentrating hormone and enkephalin but not proopiomelanocortin in the
hypothalamus of ovariectomized ewes. Endocrinology 141:1506-1514.

Herskin, M.S., and L. Munksgraad. 2000. Behavioral reactivity of cattle toward novel
food: Effects of testing time and food type of neighbors. J. Anim Sci. 78:2323-
2328.

Hill, T. M., H. G. Bateman, J. M. Aldrich, and R. L. Schlotterbeck. 2008. Effects of
feeding different carbohydrates sources and amounts to young calves. J. Dairy Sci.
91:3128-3137.

Hill, T. M., H. G. Bateman, J. M. Aldrich, and R. L. Schlotterbeck. 2010. Effect of
milk replacer program on digestion of nutrients in dairy calves. J. Dairy Sci.
93:1105-1115.

Hindhede, J., L. Mogensen, and J. T. Sorensen. 1999. Effect of group composition
and feeding system on behaviour, production and health of dairy heifers in deep
bedding systems. Acta Agric. Scand. A 49:211-220.

Hinders, R. G., and F. G. Owen. 1965. Relation of ruminal parakeratosis development
to volatile fatty acid absorption. J. Dairy Sci. 48:1069-1078.

Hodgson, J. 1971. The development of solid food intake in calves. I. The effect of
previous experience of solid food, and the physical form of diets, on the
development of food intake after weaning. Anim. Prod. 13:15-24.

Hodgson, J. 1979. Nomenclature and definitions in grazing studies. Grass Forage Sci.

34:11-18.

137



Literature cited

Hokfelt, T., R. Elde, O. Johansson, L. Terenius, and L. Stein. 1977. The distribution
of enkephalin-immunoreactive cell bodies in rat central nervous system. Neurosci.
Lett. 5:25-31.

Holtzman, S. G. 1975. Effects of narcotic antagonist on fluid intake in the rat. Life
Sci. 16:1465-1470.

Huber, J. T. 1969. Development of the digestive and metabolic apparatus of the calf.
J. Dairy Sci. 52:1303-1315.

Hugi, D., R. M. Bruckmaier, and J. W. Blum. 1997. Insulin resistance,
hyperglycemia, glucosuria, and galactosuria in intensively milk-fed calves:
dependency on age and effects of high lactose intake. J. Anim. Sci. 75:469-482.

Huntington, G. B. 1997. Starch utilization by ruminants: From basics to the bunk. J.
Anim. Sci. 75:852-867.

Huuskonen, A., H. Khalili, J. Kiljala, E. Joki-Tokola, and J. Nousiainen. 2005. Effects
of vegetable fats versus lard in milk replacers on feed intake, digestibility and
growth in Finnish Ayrshire bull calves. J. Dairy Sci. 88:3575-3581.

Jang, H-J, Z. Kokrashvili, M. J. Theodorakis, O. D. Carlson, B-J. Kim, J. Zhou, H.
Ho. Kim, X. Xu, S. L. Chan, M. Juhaszova, M. Bernier, B. Mosinger, R. F.
Margolskee, and J. M. Egan. 2007. Gut-expressed gustducin and taste receptors
regulate secretion of glucagon-like peptide-1. Proc. Natl. Acad. Sci. 104:15069—
15074.

Jarrige, R., J. R. Dulphy, P. Faverdin, R. Baumont, and C. Demarquilly. 1995.
Activités d’ingestion et de rumination. In: Nutrition des Rumiants Domestiques.
Edited by R. Jarrige, Y. Ruckebusch, C. Demarquilly, M. H. Farce, and M.
Journet. INRA, Paris, France.

Jasper, J., and D. M. Weary. 2002. Effects of ad libitum milk intake on dairy calves. J.
Dairy Sci. 85:3054-3058.

Jaster, E. H., G. C. McCoy, and N. Spanski. 1992. Effect of extra energy as fat or
milk replacer solids in diets of young dairy calves on growth during cold weather.
J. Dairy Sci. 75:2524-2531.

Jenny, B. F., H. J. Vandijk, and J. A. Collins. 1991. Performance and fecal flora of
calves fed a Bacillus subtilis concentrate. J. Diary Sci. 74:1968-1973.

Jensen, M. B., and L. Holm. 2003. The effect of milk flow rate and milk allowance on
feeding behaviour in dairy calves fed by computer controlled milk feeders. Appl.

Anim. Behav. Sci. 82:87-100.

138



Literature cited

Jenkins, K. J., J. K. Kramer, F. D. Sauer, and D. B. Emmons. 1985. Influence of
triglycerides and free fatty acids in milk-replacers on calf performance, blood
plasma, and adipose lipids. J. Dairy Sci. 68:669-680.

Kertz, A. F., L. R. Prewitt, and J. P. Everett Jr.. 1979. An early weaning calf program:
Summarization and review. J. Dairy Sci. 62:1835-1843.

Kertz, A. F., and H. Chester-Jones. 2004. Guidelines for measuring and reporting calf
and heifer experimental data. J. Dairy Sci. 87:3577-3580.

Khan, M. A., H. J. Lee, W. S. Lee, H. S. Kim, K. S. Ki, T. Y. Hur, G. H. Suh, S. J.
Kang, and Y. J. Choi. 2007a. Structural growth, rumen development, and
metabolic and immune response of Holstein male calves fed milk through step-
down and conventional methods. J. Dairy Sci. 90:3376-3387.

Khan, M. A., H. J. Lee, W. S. Lee, H. S. Kim, S. B. Kim, K. S. Ki, J. K. Ha, H. G.
Lee, and Y. J. Choi. 2007b. Pre- and postweaning performance of Holstein female
calves fed milk through step-down and conventional methods. J. Dairy Sci.
90:876-885.

Khan, M. A., H. J. Lee, W. S. Lee, H. S. Kim, S. B. Kim, K. S. Ki, J. K. Ha, H. G.
Lee, and Y. J. Choi. 2007c. Starch source evaluation in calf starter: 1. Feed
consumption, body weight gain, structural growth, and blood metabolites in
Holstein calves. J. Dairy Sci. 90:5259-5268.

Khan, M. A., H. J. Lee, W. S. Lee, H. S. Kim, S. B. Kim, S. B. Park, K. S. Baek, J. K.
Ha, and Y. J. Choi. 2008. Starch source evaluation in calf starter: II. Ruminal
parameters, rumen development, nutrient digestibilities, and nitrogen utilization in
Holstein calves. J. Dairy Sci. 91:1140-1149.

Khan, M. A., D. M. Weary, and M. A. G. von Keyserlingk. 2011. Hay intake
improves performance and rumen development of calves fed higher quantities of
milk. J. Dairy Sci. 94:3547-3553.

Klein R. D., R. L. Kincaid, A. S. Hodgson, J. H. Harrison, J. K. Hillers, and J. D.
Cronrath. 1987. Dietary fiber and early weaning on growth and rumen
development of calves. J. Dairy Sci. 70:2095-2104.

Klopfer, F. D., R. Kilgour, and L. R. Matthews. 1981. Paired comparison analysis of
palatability of twenty foods to dairy cows. Proc. N. Z. Soc. Anim. Prod. 41:242-
247.

Kirkham, T. C., and S. J. Cooper. 1988. Attenuation of sham feeding by naloxone is

stereospecific: Evidence for opioid mediation of orosensory reward. Physiol.

139



Literature cited

Behav. 43:845-847.

Kissileff, H. R. 1990. Some suggestions on dealing with palatability — response to
Ramirez. Appetite 14:162-166.

Kotarski, S. F., R. D. Waniska, and K. K. Thurn. 1992. Starch hydrolysis by the
rumen microflora. J. Nutr. 122:178-190.

Krause, K. M., D. K. Combs, and K. A. Beauchemin. 2002. Effects of forage particle
size and grain fermentability in midlactation cows. II. Ruminal pH and chewing
activity. J. Dairy Sci. 85:1947-1957.

Kuhara, T., S. Ikeda, A. Ohneda, and Y. Sasaki. 1991. Effects of intravenous
infusions of 17 amino acids on the secretion of GH, glucagon, and insulin in sheep.
Am. J. Physiol. 260:E21-E26.

Kyriazakis, I., and J. D. Oldham. 1993. Diet selection in sheep: The ability of growing
lambs to select a diet that meets their crude protein (nitrogen x 6.25) requirements.
Br. J. Nutr. 69:617-629.

Kyriazakis, I., and J. D. Oldham. 1997. Food intake and diet selection in sheep: the
effect of manipulating the rates of digestion of carbohydrates and protein of the
foods offered as a choice. Br. J. Nutr. 77:243-254.

Lalles, J. P., R. Toullec, P. B. Pardal, and J. W. Sissons. 1995. Hydrolyzed soya
protein isolate sustains high nutritional performance in veal calves. J. Dairy Sci.
78:194-204.

Lardy, G.P., and M. S. Kerley. 1994. Effect of increasing the dietary level of rapeseed
meal on intake by growing beef steers. J. Anim. Sci. 72:1936-1942.

LeMagnen, J. A. 1990. A role for opiates in food reward and food addiction. In Taste,
experience and feeding. E. D. Capaldi and T. L. Powley ed. American
Psychological Association, Washignton, DC.

Lesmeister, K. E., and A. J. Heinrichs. 2004. Effects of corn processing on growth
characteristics, rumen development, and rumen parameters in neonatal dairy
calves. J. Dairy Sci. 87:3439-3450.

Lesmeister, K. E., and A. J. Heinrichs. 2005. Effects of adding extra molasses to a
texturized calf starter on rumen development, growth characteristics, and blood
parameters in neonatal dairy calves. J. Dairy Sci. 88:411-418.

Leuvenink, H. G., E. J. Bleumer, L. J. Bongers, J. Van Bruchem, and D. van der
Heide. 1997. Effect of short-term propionate infusion on feed intake and blood
parameters in sheep. Am. J. Physiol. 272:E997-E1001.

140



Literature cited

Liddle, R. A., I. D. Goldfine, M. S. Rosen, R. A. Taplitz, and J. A. Williams. 1985.
Cholecystokinin bioactivity in human plasma. Molecular forms, responses to
feeding, and relationship to gallbladder contraction. J. Clin. Invest.75:1144-1152.

Lobley, G. E., and G. D. Milano. 1997. Regulation of nitrogen metabolism in
ruminants. Proc. Nutr. Soc. 56:547-563.

Lopez, S., F. D. Hovell, and N. A. MacLeod. 1994. Osmotic pressure, water kinetics
and volatile fatty acid absorption in the rumen of sheep sustained by intragastric
infusions. Br. J. Nutr. 71:153-168.

Lundborg, G. K., E. C. Svensson, and P. A. Oltenacu. 2005. Herd-level risk factors
for infectious diseases in Swedish dairy calves aged 0-90 days. Prev. Vet. Med.
68:123-143.

Lynch, W. C,, and L. Libby. 1983. Naloxone suppresses intake of highly preferred
saccharin solutions in food deprived and sated rats. Life Sci. 33:1909-1914.

Maiga, H. A., D. J. Schingoethe, F. C. Ludens, W. L. Tucker, and D. P. Casper. 1994.
Response of calves to diets that varied in amounts of ruminally degradable
carbohydrate and protein. J. Dairy Sci. 77:278-283.

Manteca, X., J. J. Villalba, S. B. Atwood, L. Dziba, and F. D. Provenza. 2008. Is
dietary choice important to animal welfare? J. Vet. Behav. 3:229-239.

Matthews, L. R. 1983. General introduction. In: Measurement and scaling of food
preferences in dairy cows: concurrent schedule and free-access techniques. PhD
Thesis, University of Waikato, New Zealand.

Matthews, J. D., and W. Temple 1979. Concurrent schedule assessment of food
preference in cows. J. Exp. Anal. Behav. 32:245-254.

McGavin, M. D., and J. L. Morrill. 1976. Dissection technique for examination of the
bovine rumenoreticulum. J. Anim. Sci. 42:535-538.

Miller-Cushon, E. K., and T. J. DeVries. 2011. Effect of early feed type exposure on
diet-selection behavior of dairy calves. J. Dairy Sci. 94:342-350.

Minokoshi, Y., T. Alquier, N. Furukama, Y. B. Kim, A. Lee, B. Xue, J. Mu, F.
Foufelle, P. Ferré, M. J. Birnbaum, B. J. Stuck, and B. B. Kahn. 2004. AMP-kinase
regulates food intake by responding to hormonal and nutrient signals in the
hypothalamus. Nature 428:569-574.

Mjoun, K., K. F. Kalscheur, A. R. Hippen , and D. J. Schingoethe. 2010. Ruminal
degradability and intestinal digestibility of protein and amino acids in soybean and

corn distillers grains products.

141



Literature cited

Montoro, C., I. Ipharraguerre, and A. Bach. 2010. Determination of oro-sensorial
preferences of protein ingredients in weaned calves. J. Dairy Sci. 93 (E-Suppl. 1),
422.

Moore, L. A. 1964. Symposium on forage utilization: nutritive value of forage as
affected by physical form. Part I. General principles involved with ruminants and
effect of feeding pelleted or wafered forage to dairy cattle. J. Anim. Sci. 23:230—
238.

Morabia, A., J. Fabre, E. Chee, S. Zeger, E. Orsat, and A. Robert. 1989. Diet and
opiate addiction: A quantitative assessment of the diet of non-institutionalized
opiate addicts. Br. J. Addict. 84:173-180.

Morales, J. L., H. H. Van Horn, and J. E. Moore. 1989. Dietary interaction of cane
molasses with source of roughage: intake and lactation effects. J. Dairy Sci.
72:2331-2338.

Morril, J. L. 1992. The calf: birth to 12 weeks. In: Large Dairy Herd Management.
Edited by H. H. Van Horn and C. J. Wilcox. ADSA, Champaign, IL, USA.

Morrill, J. L., and A. D. Dayton. 1978. Effect of feed flavor in milk and calf starter on
feed consumption and growth. J. Dairy Sci. 61:229-232.

Morrison, C. D., J. A. Daniel, B. J. Holmberg, J. Djiane, N. Raver, A. Gertler, and D.
H. Keisler. 2001. Central infusion of leptin into well-fed and undernourished ewe
lambs: Effects on feed intake and serum concentrations of growth hormone and
luteinizing hormone. J. Endocrinol. 168:317-324.

Myers, K. P., J. Ferris, and A. Sclafani. 2005. Flavour preferences conditioned by
postingestive effects of nutrients in preweaning rats. Physiol. Behav. 84:407-419.
Nagi, S. H., B. A. Berkowitz, J. C. Yang, J. Hempstead, and S. Spector. 1976.
Pharmacokinetics of naloxone in rats and in man: Basis for its potency and short

duration of action. Anesthesiology. 44:398-401.

Newman, J. A., A. J. Parsons, A. Harvey. 1992. Not all sheep prefer clover: diet
selection revisited. J. Agric. Sci. 119:275-283.

Nguyen, N. Q., R. J. Fraser, L. K. Bryant, M. J. Chapman, J. Wishart, R. H.
Holloway, R. Butler, and M. Horowitz. 2007. The relationship between gastric
emptying, plasma cholecystokinin, and peptide YY in critically ill patients. Critical
Care. 11:R132-R141.

Nitsan, Z., R. Volcani, S. Gordin, and A. Hasdai. 1971. Growth and nutrient

utilization by calves fed milk replacers containing milk or soybean protein

142



Literature cited

concentrate heated to various degrees. J. Dairy Sci. 54:1294—-1299.

Nocek, J. E., J. H. Herbein, and C. E. Polan. 1980. Influence of ration physical form,
ruminal degradable nitrogen and age on rumen epithelial propionate and acetate
transport and some enzymatic activities. J. Nutr. 110:2355-2364.

Nocek, J. E., and S. Tamminga. 1991. Site of digestion of starch in the gastrointestinal
tract of dairy cow and its effect on milk yield and composition. J. Dairy Sci.
74:3598-3629.

Nolte, D. L., F. D. Provenza, and D. F. Balph. 1990. The establishment and
persistence of food preferences in lambs exposed to selected foods. J. Anim. Sci.
68:998-1002.

Nombekela, S.W., and M. R. Murphy. 1995. Sucrose supplementation and feed of
dairy cows in early lactation. J. Dairy Sci. 78: 880-885.

NRC. 2001. Nutrient Requirements of Dairy Cattle. Nutrient Requirements of the
young calf. 7" revised edition, National Academy Press, Washington, DC, USA.
Obese, F. Y., B. K. Whitlock, B. P. Steele, F. C. Buonomo, and J. L. Sartin. 2007.
Long-term feed intake regulation in sheep is mediated by opioid receptors. J.

Anim. Sci. 85:111-117.

Orskov , E. R., D. Benzie, and R. N. B. Kay. 1970. The effects of feeding procedure
on closure of the gesophageal groove in young sheep. Br. J. Nutr. 24:785-795.

Orskov, E. R. 1972. Reflex closure of the eesophageal groove and its potential
application in ruminant nutrition. S. Afr. J. Anim. Sci. 2:169-176.

Osuji, P. O., J. G. Gordon, and A. J. F. Webster. 1975. Energy exchanges associated
with eating and rumination in sheep given grass diets of different physical forms.
Br. J. Nutr. 34:59-71.

Owen, F. O., and L. L. Larson. 1991. Corn distillers dried grains versus soybean meal
in lactation diets. J. Dairy Sci. 74:972-979.

Parsons, A. J., J. A. Newman, P. D. Penning, A. Harvey, R. J. Orr. 1994. Diet
preference of sheep: effect of recent diet, physiological state and species
abundance. J. Anim. Ecol. 63:465-478.

Pettersson, K., C. Svensson, and P. Liberg. 2001. Housing, feeding and management
of calves and replacement heifers in Swedish dairy herds. Acta Vet. Scand.
42:465-478.

Phillips, C. J. C. 2004. The effects of forage provision and group size on the behavior
of calves. J. Dairy Sci. 87:1380-1388.

143



Literature cited

Polkowska, J., and A. Gladysz. 2001. Effects of food manipulation on the
neuropeptide Y neuronal system in the diencephalon of ewes. J. Chem. Neuroanat.
21:149-159.

Porter, J. C., R. G. Warner, and A. F. Kertz. 2007. Effect of fiber level and physical
form of starter on growth and development of dairy calves fed no forage. Prof.
Anim. Sci. 23:395-400.

Prestlokken, E., and O. Rise. 2003. Protein and amino acid digestibility in dairy cows
measured with mobile nylon bags recovered in ileum or in faeces. Acta Agric.
Scand. Sect. A Anim. Sci. 53:11-20.

Provenza, F. D. 1995. Postingestive feedback as an elementary determinant of food
preference and intake in ruminants. J. Range Manage. 48:2-17.

Provenza, F. D. 1995. Role of learning in food preferences of ruminants: Greenhalgh
and Reid revisited. In: Ruminant Physiology: Digestion, Metabolism, Growth and
Reproduction. Proceedings of the Eighth International Symposium on Ruminant
Physiology. Edited by W. W. Engelhardt, S. Leonhard-Marek, G. Breves, and D.
Giesecke. Ferdinand Enke Verlag, Stuttgart, Germany.

Provenza, F. D. 1996. Acquired aversions as the basis for varied diets of ruminants
foraging on rangelands. J. Anim. Sci. 74:2010-2020.

Provenza, F. D., and D. F. Balph. 1987. Diet learning by domestic ruminants: theory,
evidence and practical implications. Appl. Anim. Behav. Sci. 18:211-232.

Provenza, F. D., and D. F. Balph. 1988. Development of dietary choice in livestock
on rangelands and its implications for management. J. Anim. Sci. 66:2356-2368.

Provenza, F.D. and J.J. Villalba. 2006. Foraging in Domestic Herbivores: Linking the
Internal and External Milieux. In: V.L. Bels (ed.) Feeding in Domestic
Vertebrates: From Structure to Behavior. CABI Publ., Oxfordshire, UK.

Provenza, F. D., C. B. Scott, T. S. Phy, and J. J. Lynch. 1996. Preference of sheep for
foods varying in flavors and nutrients. J. Anim. Sci. 74:2355-2361.

Provenza, F. D., J. J. Villalba, L. E. Dziba, S. B. Atwood, and R. E. Banner. 2003.
Linking herbivore experience, varied diets, and plant biochemical diversity. Small
Rum. Res. 49:257-274.

Quigley, J. D., III. 2002. Effect of spray-dried whole egg and biotin in calf milk
replacer. J. Dairy Sci. 85:198-203.

Radostits, O. M. 2001. Herd Health: Food Animal Production Medicine. 3" ed. W. B.
Saunders Company, Philadelphia, PA, USA.

144



Literature cited

Raeth-Knight, M., H. Chester-Jones, S. Hayes, J. Linn, R. Larson, D. Ziegler, B.
Ziegler, and N. Broadwater. 2009. Impact of conventional or intensive milk
replacer programs on Holstein heifer performance through six months of age and
during first lactation. J. Dairy Sci. 92:799-809.

Ralphs, M. H., and C. D. Cheney. 1993. Influence of cattle age, lithium chloride dose
level, and food type in the retention of food aversions. J. Anim. Sci. 71:373-379.
Ramirez, 1. 1990. What do we mean when we say “Palatable food?” Appetite 14:159-

161.

Ray, D. E., and C. B. Roubicek. 1971. Behavior of feedlot cattle during two seasons.
J. Anim. Sci. 33:72-76.

Relling, A. E., J. L. Pate, C. K. Reynolds, and S. C. Loerch. 2010. Effect of feed
restriction and supplemental dietary fat on gut peptide and hypothalamic
neuropeptide mRNA concentrations in growing wethers. J. Anim. Sci. 88:737-748.

Redbo, 1. 1990. Changes in duration and frequency of stereotypies and their

adjoining behaviours in heifers, before, during and after the grazing period.
Applied Animal Behaviour Science. 26:57-67.

Redbo, I. and A. Nordblad. 1997. Stereotypies in heifers are affected buy feeding
regime. Appl. Anim. Behav. Sci. 53:193-202.

Riediger, T., D. Zuend, C. Becskei, and T. A. Lutz. 2004. The anorectic hormone
amylin contributes to feeding-related changes of neural activity in key structures of
the gut-brain axis. Am. J. Physiol. Regul. Integr. Comp. Physiol. 286:R114-R122.

Rincker, L., L. Davis, M. Vanderhaar, C. Wolf, J. Liesman, L. Chapin, and M. Weber
Nielson. 2006. Effects of an intensified compared to a moderate feeding program
during the preweaning phase on long-term growth, age at calving, and first
lactation milk production. J. Dairy Sci. 89:438. (Abstr.)

Sander, E. G., H. N. Warner, H. N. Harrison, and J. K. Loosli. 1959. The stimulatory
effect of sodium butyrate and sodium propionate on the development of rumen
mucosa in the young calf. J. Dairy Sci. 42:1600-1605.

Sartin, J. L., J. A. Daniel, B. K. Whithlock, and R. R. Wilborn. 2010. Selected
hormonal and neurotransmitter mechanisms regulating feed intake in sheep.
Animal 4:1781-1789.

Sartin J. L., B. K. Whitlock, and J. A. Daniel. 2011. Triennial growth symposium:
Neural regulation of feed intake: Modification by hormones, fasting, and disease.

J. Anim. Sci. 89:1991-2003.

145



Literature cited

Scheen AJ. 2007. Glucagon-like peptide-1 (GLP-1) new target for the treatment of
type 2 diabetes. Rev. Med. Liege. 62:217-221.

Schroeder, J. W. 2003. Optimizing the level of wet corn gluten feed in the diet of
lactating dairy cows. J. Dairy Sci. 86:844-851.

Schwartz, M. W., S. C. Woods, D. Portre Jr., R. J. Seeley, and D. G. Baskin. 2000.
Central nervous system control of food intake. Nature 404:661-671.

Scott, L. L. and F. D. Provenza. 1999. Variation in food selection among lambs:
Effect of basal diet and foods offered in a meal. J. Anim. Sci. 77:2391-2397.

Scott, L. L. and F. D. Provenza. 2000. Lambs fed protein or energy imbalanced diets
forage in locations and on foods that rectify imbalances. Appl. Anim. Behav. Sci.
68:293-305.

Scott, T. A., T. Tompkins, D. Vermeire, and N. K. Keith. 1999. Evaluation of
alternate protein milk replacers on growth and health of Holstein heifer calves. J.
Dairy Sci. 82(Suppl. 1): 46—47. (Abstr.)

Sides, A., K. Robards, S. Helliwell, and M. An. 2001. Changes in the volatile profile
of oats induced by processing. J. Agric. Food Chem. 49:2125-2130.

Simitzis, P. E., J. A. Bizelis, S. G. Deligeorgis, and K. Feggeros. 2008. Short
communication: Effect of early dietary experiences on the development of feeding
preferences in semi-intensive sheep farming systems — a brief note. Appl. Anim.
Behav. 111:391-395.

Sola-Oriol, D., E. Roura, and D. Torrallardona. 2009. Feed preference in pigs: Effects
of cereal sources at different inclusion rates. J. Anim. Sci. 87:562-570.

Stake, P. E., M. J. Owens, and D. J. Schingoethe. 1973. Rapeseed, sunflower, and
soybean meal supplementation of calf rations. J. Dairy Sci. 56:783-788.

Sporndly, E., and T. Asberg. 2006. Eating rate and preference of different
concentrate components for cattle. J. Dairy Sci. 89:2188-2199.

Stobo, I. J. F., J. H. B. Roy, and H. J. Gaston. 1966. Rumen development in the calf.
1. The effect of diets containing different proportions of concentrates to hay on
rumen development. Br. J. Nutr. 20:171-188.

Suérez, B. J., C. G. Van Reenen, G. Beldman, J. van Denle, J. Dijkstra, and W. J. J.
Gerrits. 2006. Effects of supplementing concentrates differing in carbohydrate
composition in veal calf diets: I. Animal performance and rumen fermentation

characteristics. J. Dairy Sci. 89:4365-4375.

146



Literature cited

Suérez, B. J., C. G. Van Reenen, N. Stockhofe, J. Dijkstra, and W. J. J. Gerrits. 2007.
Effect of roughage source and roughage to concentrate ratio on animal
performance and rumen development in veal calves. J. Dairy Sci. 90:2390-2403.

Suominen, A. H., D. R. Glimm, D. Tedesco, E. K. Okine, M. I. McBurney and J. J.
Kennelly. 1998. Intestinal nutrient-gene interaction: the effect of feed deprivation
and refeeding on cholecystokinin and proglucagon gene expression. J. Anim. Sci.
76:3104-3113.

Svensson, C., K. Lundborg, U. Emanuelson, and S. O. Olsson. 2003. Morbidity in
Swedish dairy calves from birth to 90 days of age and individual calf-level risk
factors for infectious diseases. Prev. Vet. Med. 58: 179-197.

Svihus, B., A. K. Uhlen, and O. M. Harstad. 2005. Effect of starch granule structure,
associated components and processing on nutritive value of cereal starch: A
review. Anim. Feed Sci. Technol. 122:303-320.

Swan, C. G., J. G. P. Bowman, J. M. Martin, and M. J. Giroux. 2006. Increased
puroindoline levels slow ruminal digestion wheat (Triticum aestivum L.) starch by
cattle. J. Anim. Sci. 84:641-650.

Sweeney, B. C., J. P. Rushen, D. M. Weary, and A. M. B. de Passillé. 2010. Duration
of weaning, starter intake, and weight gain of dairy calves fed large amounts of
milk. J. Dairy Sci. 93:148-152.

Tamate, H., A. D. McGilliard, N. L. Jacobson, and R. Getty. 1962. Effect of various
diets on the anatomical development of the stomach in the calf. J. Dairy Sci.
45:408-420.

Tepperman, F. S., M. Hirst, and P. Smith. 1983. Brain and serum levels of naloxone
following peripheral administration. Life Sci. 33:1091-1096.

Terré, M., M. Devant, and A. Bach. 2007. Effect of level of milk replacer fed to
Holstein calves on performance during the preweaning period and starter
digestibility at weaning. Livest. Sci. 110:82—-88.

Thomas, D. B., and C. E. Hinks. 1982. The effect of changing the physical form of
roughage on the performance of the early-weaned calf. Anim. Prod. 35:375-384.
Thomas, T. J., D. M. Weary, and M. C. Appleby. 2001. Newborn and 5-week-old
calves vocalize in response to milk deprivation. Appl. Anim. Behav. Sci. 74:165—

173.

Thomas, L., T. Wright, A. Formusiak, J. Cant, and V. Osborne. 2007. Use of flavored

drinking water in calves and lactating dairy cattle. J. Dairy Sci. 90:3831-3837.

147



Literature cited

Thomsen, N. K., and R. B. Rindsig. 1980. Influence of similarly flavoured milk
replacers and starters on calf starter consumption and growth. J. Dairy Sci.
63:1864-1868.

Tikofsky, J. N., M. E. Van Amburgh, and D. A. Ross. 2001. Effect of carbohydrate
and fat content of milk replacer on body composition of Holstein bull calves. J.
Anim. Sci. 79:2260-2267.

Toullec, R., and P. Guilloteau.1989. Research in to the digestive physiology of the
milk feed calf. In: Nutrition and Digestive Physiology in Monogastric Farm
Animals. Edited by E. J. Van Weerden and J. Huisman. Pudoc, Wageningen,
Netherland.

Trenkle, A. 1970. Effects of short-chain fatty acids, feeding, fasting and type of diet
on plasma insulin levels in sheep. J. Nutr. 100:1323-1330.

Trenkle, A. 1971. Postprandial changes in insulin secretion rates in sheep. J. Nutr.
101:1099-1104.

Trenkle, A. 1976. Estimates of the kinetic parameters of growth hormone metabolism
in fed and fasted calves and sheep. J. Anim. Sci. 43:1035-1043.

USDA. 2007. Part I: Reference of Dairy Health and Management in the United States.
National Animal Health Monitoring System, Fort Collins, CO, USA.

USDA. 2008. Part III: Reference of Dairy Cattle Health and Health Management
Practices in the United States. National Animal Health Monitoring System, Fort
Collins, CO, USA.

Van Niekerk, A. 1., J. F. D. Greenhalgh, and G. W. Reid. 1973. Importance of
palatability in determining the feed intake of sheep offered chopped and pelleted
hay. Br. J. Nutr. 30:95-105.

Van Soest, P. 1994. Nutritional Ecology of the Ruminants. 2" ed. Cornell University
Press, Ithaca, NY, USA.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber,
neutral detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. J. Dairy Sci. 74: 3583-3597.

Vasseur, E., F. Borderas, R. 1. Cue, D. Lefebvre, D. Pellerin, J. Rushen, K. M. Wade,
and A. M. de Passillé. 2010. A survey of dairy calf management practices in
Canada that affect animal welfare. J. Dairy Sci. 93:1307-1315.

148



Literature cited

Vazquez-Anon, M., A. J. Heinrichs, J. M. Aldrich, and G. A. Varga. 1993.
Postweaning age effects on rumen fermentation end-products and digesta kinetics
in calves weaned at 5 weeks of age. J. Dairy Sci. 76:2742-2748.

Vérité, R., and M. Journet. 1970. Influence de la teneur en eau et de la déshidratation
de I’herbe sur sa valeur alimentaire pour les vaches laitiéres. Ann. Zootech.
19:255-268.

Villalba, J. J., and F. D. Provenza. 1996. Preference for flavored wheat straw by
lambs conditioned with intraruminal administrations of sodium propionate. J.
Anim. Sci. 74:2362-2368.

Villalba, J. J., and F. D. Provenza. 1999. Nutrient-specific preferences by lambs
conditioned with intraruminal infusions of starch, casein, and water. J. Anim. Sci.
77:378-387.

Villalba, J. J., A. Bach, and I. R. Ipharraguerre. 2011. Feeding behavior and
performance of lambs are influenced by flavor diversity. J. Anim. Sci. 89:2571-
2581.

Wagner, C. G., C. D. McMahon, D. L. Marks, J. A. Daniel, B. Steele, and J. L. Sartin.
2004. A role for agouti-related protein in appetite regulation in species with
continous nutrient delivery. Neuroendocrinology 80:210-218.

Warner, R. G. 1991. Nutritional factors affecting the development of a functional
ruminant - A historical perspective. Proc. Cornell Nutr. Conf., Cornell University,
Ithaca, NY, USA.

Warner, R. G., and W. P. Flatt. 1965. Anatomical development of the ruminant
stomach. In: Physiology of digestion in the ruminant. Edited by R. W. Dougherty,
R. S. Allen, W. Burroughs, N. L. Jacobson, and A. D. McGilliard. Butterwoths,
Washington, DC, USA.

Woodford, S. T., and M. R. Murphy. 1988. Effect of forage physical form on chewing
activity, dry matter intake, and rumen function of dairy cows in early lactation. J.
Dairy Sci. 71:674—686.

Xu, C., T. Wensing, R. Van der Meer, and A. C. Beynen. 1997. Mechanism

explaining why dietary soya protein versus skim-milk protein lowers fat digestion
in veal calves. Livest. Prod. Sci. 52: 219-227.

Yansari, A. T., R. Valizadeh, A. Naserian, D. A. Christensen, P. Yu, and F. E.
Shahroodi. 2004. Effects of alfalfa particle size and specific gravity on chewing
activity, digestibility, and performance of Holstein dairy cows. J. Dairy Sci.

149



Literature cited

87:3912-3924.

Yeomans, M. R., and P. Wright. 1991. Lower pleasantness of palatable foods in
nalmefene-treated human volunteers. Appetite 16:249-259.

Zahorik, D.M., K. A. Houpt, and J. Swartzman-Andert. 1990. Taste-aversion learning
in three species of ruminants. Appl Anim. Behav. Sci. 26:27-39.

Zanton, G. ., and Heinrichs. 2008. Rumen digestion and nutritional efficiency of
dairy heifers limit-fed a high forage ration to four levels of dry matter intake. J.
Dairy Sci. 91:3579-3588.

Zanton, G. L., and Heinrichs. 2009. Digestion and nitrogen utilization in dairy heifers
limit-fed a low or high forage ration at four levels of nitrogen intake. J. Dairy Sci.
92:2078-2094.

Zhou, M. X., K. Robards, M. Glennie-Holmes, and S. Helliwell. 1999. Analysis of
volatile compounds and their contribution to flavor in cereals. J. Agric. Food
Chem. 47:3941-3953.

Zintan, R., J. Voigt, U. Schonhusen, J. Wegner, M. Kokardov4, H. Hagemeister, M.
Levtuk, S. Kuhla, and A. Sommer. 1998. Influence of dietary concentrate to forage
ratio on the development of rumen mucosa in calves. Arch. Tiererndhr. 51:279-

291.

150



