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1  Abstract 

In their first days of life, dairy calves in artificial rearing systems often 

have difficulty using an artificial teat for feeding. I examined the age at 

which calves are able to stand up and suckle without lifting assistance, as 

well as their suckling behavior when presented with a plain dry teat versus 

a dry teat modified with a presumably attractive odor or taste substance. 

Single-housed newborn dairy calves (n = 51) were presented for ten 

consecutive days with a two-minute two-choice test, in which suckling time 

was recorded for 1) a plain (control) teat vs. a glucose-coated teat (taste 

test) and 2) a plain teat vs. a teat with a "Freshly Cut Grass" odor (odor 

test). On average, the calves were able to suckle without lifting assistance 

from the second or third day of age on. The "Freshly Cut Grass" odor had 

no significant effect on their suckling behavior. The calves showed a 

significant preference for suckling the glucose-coated teat and displayed a 

significantly longer total suckling time in the taste test compared to the 

odor test. There were no significant differences between sexes regarding 

suckling preference. The results of the present study show that glucose had 

a significant effect on the calves' teat preference and significantly increased 

total suckling time with a dry artificial teat. As such, glucose may increase 

suckling motivation in non-efficient drinkers or ill calves with low 

motivation to suckle. 

 

Keywords: artificial teat, dairy calves, glucose, non-nutritive suckling, 

olfactory stimuli, suckling behavior, suckling motivation, suckling 

preference, taste stimuli 

 

2  Introduction 

It is common practice for commercial dairy farms to separate the newborn 

calf from the dam immediately or within a few hours after birth (Houwing 

et al. 1990; Marchant-Forde et al. 2002; Stěhulová et al. 2008; Roth et al. 

2009; Ventura et al. 2013; Johnsen et al. 2015). When allowed to stay with 

the dam, the calf will use several natural cues (e.g. the dam's shape, odors, 

vocalizations and cow-calf interactions such as the dam licking the calf) to 

locate the udder and attempt to suckle (Hafez & Lineweaver 1968; Selman 

et al. 1970; Edwards & Broom 1982; Houwing et al. 1990; Phillips 2002; 

Roth et al. 2009). However, even in the presence of the dam, successful 

suckling is not always guaranteed (Selman et al. 1970; Illman & Špinka 

1993; Lidfors et al.1994; Lidfors 1996; Phillips 2002). Thus, newborn 

calves usually require assistance from the farm staff during their first 
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suckling efforts (Krohn 2001). Observations suggest that this need for 

assistance is more pronounced when all natural cues are missing from the 

calf's environment, as is the case when the calf is separated from the dam 

soon after birth and placed in a single calf pen. One of the main tasks for 

the calf caretakers is to introduce the newborn calves to suckling from an 

artificial teat attached to a milk bucket (Hafez & Lineweaver 1968). 

 

On average, healthy newborn calves learn to suckle from the artificial teat 

within the first two days of their lives (Stafford et al. 2005). Some calves 

can be more cooperative or successful than others in this procedure, but 

calves that have problems in learning to suckle can miss a number of meals 

before they learn to use the artificial teat without assistance from the staff 

(Stafford et al. 2005). Several factors may hinder the newborn calf from 

habituating to the artificial teat. With the dam removed, the single calf pens 

lack the natural sensory cues a calf would encounter under natural 

circumstances in order to stand up and suckle (Hafez & Lineweaver 1968; 

Selman et al. 1970; Edwards & Broom 1982; Houwing et al. 1990). The 

artificial teat, usually made of silicon or latex, might not be as attractive to 

the calf as the natural teat due to differences in e.g. texture, firmness, 

temperature or odor. Calves that had the opportunity to suckle their dam 

immediately after birth might have even greater difficulties in habituating 

to the artificial teat after experiencing suckling under natural conditions. 

Separation stress (Houwing et al. 1990; Lidfors 1996; Weary & Chua 2000; 

Stěhulová et al. 2008; Daros et al. 2014) may also be a hindering factor, 

particularly for calves that spent several hours with their dam before being 

separated and transferred to a single calf pen. 

 

The events taking place during the first days of a calf's life are crucial to its 

survival, and proper nutrition is one of the most important factors for 

keeping the calf alive and healthy. Aside from the welfare considerations of 

hunger-induced stress (Thomas et al. 2001; von Keyserlingk et al. 2009), 

lack of nutrients due to undernutrition may compromise the calf's immune 

system, leaving it more susceptible to neonatal diseases (Foote et al. 2007). 

Furthermore, calf caretakers are required to spend a substantial amount of 

time helping the problematic newborn calves to suckle, which can lead to 

disruption of the frequently intense farm routines.  

 

In the present study, I examined the possibility of stimulating newborn 

calves to suckle an artificial teat that did not provide a milk reward (dry 

teat; non-nutritive suckling) by using a potentially attractive odor and taste 

substance, respectively, as sensory stimuli that can be applied near or on 
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the teat. More precisely, the aims of the study were to assess: a) the age at 

which newborn calves could suckle from an artificial teat without lifting 

assistance, b) whether newborn calves showed a preference for suckling a 

plain artificial teat versus an artificial teat modified with an odor or a taste 

substance, c) whether male and female calves differed in their suckling 

behavior, and finally d) whether a taste or an odor stimulus was more 

effective in stimulating the calf's motivation to suckle, and whether this 

motivation varied with age. 

 

3  Materials & methods 

3.1 Location and animal management 

The study was conducted at Vasen Dairy Farm in Nye, Jönköping county, 

Sweden, between June and August 2016. The farm maintains 

approximately 450 dairy cows, mainly Swedish Holstein (SLB) and 

Swedish Red (SRB) breeds, with an average rate of 50 births per month. 

In accordance with the management of newborn animals at the farm, the 

calves were separated from the dam either on the first, second or third day 

of age. After separation, the animals were either immediately transferred to 

a single calf pen or spent one to two days in a group pen for newborn 

calves before being transferred to a single pen. The criteria for separation 

and transferring were based on staff workload and availability of calf pens. 

Before separation, the calves were allowed to suckle the dam and, if 

willing, they were additionally hand-fed milk two to three times per day 

using a calf bottle with a rubber teat. Calves transferred to the group pen 

were hand-fed milk two to three times per day using a calf bottle with a 

rubber teat. Calves in the single pens were fed milk twice per day, at 7:00 

and at 16:00, suckling from a rubber teat attached to a hanging bucket. The 

buckets were removed after each feeding session. 

3.2 Testing method 

Testing was conducted daily at the single calf pens between 12:00-15:00, 

for a total of ten consecutive days per calf. At the beginning of each testing 

day, newly transferred calves were added to the testing group. Their unique 

identification number, age at testing date (in days) and separation time 

from dam (in days) were recorded. Afterwards, all calves in the testing 

group received a daily health check (alertness, hydration, body 

temperature, signs of diarrhea, respiratory disease, navel infection or limb 

problems). The health score for each calf was recorded as: 1 - healthy (no 
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signs of illness), 2 - mildly/moderately ill (calf was alert, with signs of 

illness but not critically ill) or 3 - unable to participate (calf was critically 

ill and required immediate treatment). Additionally, the sociality level of 

each calf towards the experimenter was noted daily as: 1 - difficult to 

handle/moves away from experimenter, or 2 - easy to handle/approaches 

the experimenter. 

 

Following the health and sociality check, each newly transferred calf was 

assessed for its familiarity with the feeding procedure in the single calf pen 

as follows: the experimenter attempted to stimulate the calf's suckling 

reflex by rubbing a finger against the calf's lips or by inserting a finger in 

the calf's mouth for a few seconds. Calves that suckled the finger and 

subsequently stood up without lifting assistance and continued suckling or 

sought to suckle were marked as "familiar with feeding procedure" 

(familiar). The rest of the calves were marked as "unfamiliar with feeding 

procedure" (unfamiliar). "Familiar" calves were assigned to the taste and 

odor tests, while "unfamiliar" calves were assigned to the suckling reflex 

test, as described below. 

 

3.2.1 Taste and odor responsiveness tests  

The taste and odor responsiveness tests were conducted once per day for 

each calf. "Familiar" calves were tested for ten consecutive days (testing 

sessions 1-10), while "unfamiliar" calves were tested for nine consecutive 

days (testing sessions 2-10) after having participated in the suckling reflex 

test for one day. These tests were performed in order to assess whether the 

calves showed a preference for suckling a plain (control) dry teat versus a 

dry teat that was modified with a presumably attractive taste or odor.  

 

Dry teats, i.e. artificial teats that did not provide milk or other fluids (e.g. 

water) to the calves were used for the experiments of this study, as fluid 

rewards could affect suckling behavior (Passillé & Rushen 2006a) and thus 

act as a confounding factor.  

 

A two-choice test apparatus was used for the study that could be adapted to 

the requirements of both tests and that allowed the simultaneous 

presentation of the control and the modified teat to the calf ( 

Figure 1). The apparatus was made of stainless steel and consisted of: 

a) An "inverted L-shaped" bar (50 x 2 x 6.5 cm, 2 mm thick), with four 

holes of 3.8 cm diameter each. The adjacent holes had a distance of 10 cm 

from one another, measured at the center of each hole. The two centermost 
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holes were used for positioning the teats for the taste test. The two 

outermost holes were used for positioning the teats for the odor test. As 

such, the teats for the taste test had a distance of 10 cm from one another, 

to allow the calf to perceive and taste both with ease. The teats for the odor 

test had a distance of 30 cm from one another. This distance created 

sufficient space between the two odors placed above the teats (as described 

below) in order for them to be distinguishable, and at the same time 

allowed the calf to perceive both teats. 

b) Two mesh cases (9.5 x 2.3 x 9.5 cm, 1 mm thick) with holes of 5 mm 

diameter. The mesh cases were placed above the outermost holes of the 

metal bar where the teats for the odor test were positioned. Open petri 

dishes containing odorized filter papers were inserted in the mesh cases, 

with the open side facing the mesh for odor dispersal towards the teat (as 

shown in  

Figure 1c). 

c) Two cylindrical handles (3.9 x 25 cm) positioned at the outermost parts 

of the "inverted L-shaped" bar used by the experimenter to hold the 

apparatus. Each handle bore a rectangular surface (7 x 5 cm) allowing the 

attachment of a stopwatch. The stopwatches were used for measuring 

suckling time for each teat. 
 

 

 

 

Figure 1. Two-choice test apparatus for the taste and odor tests: a. Front view, 
with the teats in position for the taste test; b. Side view, with the teats in position 
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for the taste test; c. Example of apparatus positioning during testing, with the 
teats in position for the odor test. 

For the taste test, the modified teat consisted of a plain teat dipped in water 

and then coated with glucose ("Just 100% Dextro", 13: e Protein Import 

AB, Skogås, Sweden), using a shaker to apply approximately 0.70 grams of 

the substance as evenly as possible on the teat surface. Glucose was 

selected as the presumably attractive taste according to the findings of 

Hellekant et al. (1994) regarding behavioral responses of calves to 

sweeteners, and due to the frequent availability of the substance in dairy 

farms for the preparation of electrolyte solutions for calves. 

For the odor test, the modified teat consisted of a plain teat with an open 

petri dish positioned above it, which contained a filter paper impregnated 

with 1 mL of the odor "Freshly Cut Grass Fragrance Oil" (Mystic 

Moments, Alderholt, UK). The odor was selected as a presumably 

attractive olfactory stimulus according to the fact that grass is an important 

part of cattle diet (Miller 1979; Phillips 2002) and volatile compounds from 

grass feed are transferred to milk (Bugaud et al. 2001; Toso et al. 2002; 

Schaal & Al Aïn 2014) that calves will subsequently consume at least 

during the first days of life. Furthermore, in a natural setting cows will lie 

on pasture to rest and thus grass odor might be present on or around the 

skin of the udder. Odors that are present on the skin of the mammary 

glands during suckling are perceived as attractive by newborns (Brake 

1981; Schleidt & Genzel 1990; Bilkò et al. 1994; Allam et al. 2006; Allam 

et al. 2010; Schaal & Al Aïn 2014). For these reasons, grass odor might be 

perceived as familiar and attractive by calves. As control odor, a petri dish 

containing a filter paper impregnated with 1 mL of water was placed above 

the plain (control) teat. The petri dishes were secured behind a mesh, so 

that the calves could smell but not come in direct physical contact with or 

lick the substances, as seen in  

Figure 1. 

  

The majority of the calves were tested while standing and facing the 

experimenter. On a few occasions that a calf was unable to or refused to 

stand, it was tested while lying on its chest and facing the experimenter. 

For both tests, each calf was presented with the apparatus at the head level, 

ensuring equal ease of access to both teats ( 

Figure 1c). The calf was then allowed to interact with the teats for a period 

of two minutes. The rationale for using this period of time was that Ventorp 

& Michanek (1992) defined a period of at least 30 seconds as successful 

suckling in calves. 

 

The following data were recorded for each test session: 
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 a) investigating behavior (sniffing, touching with the lips or licking the tip 

of a teat, or immediately suckling a teat), which was recorded as: 0 - "did 

not investigate the teats", 1 - "investigated only control teat", 2 - 

"investigated both teats" and 3 - "investigated only modified teat", 

b) order of investigation recorded as: N - "did not investigate the teats", C - 

"investigated control teat first" and M - "investigated modified teat first", 

and finally  

c) suckling time for each teat, in seconds, with the use of the stopwatches 

(start: started suckling, stop: stopped suckling). 

 

Newborn calves might require assistance in feeding from an artificial teat 

in the first four days of age (Stafford et al. 2005). The calves in the present 

study varied from very efficient feeders to calves that required assistance in 

locating the teat. At the beginning of each test, calves that immediately 

located the teats on their own were not provided with any form of 

assistance. Assistance was given to calves that were willing to suckle 

(strong suckling reflex response when stimulated by rubbing a finger 

against the calf's lips or inserting a finger in the calf's mouth for a few 

seconds), but had difficulty in locating the teats on their own. This was 

accomplished by inserting a finger in the calf's mouth, allowing it to suckle, 

leading the snout between the teats using the finger as a guide, removing 

the finger from the calf's mouth and letting it search for the teats from this 

position. Calves that had to be shown the exact position of the teats were 

first led to the control teat using a finger as a guide and were allowed to 

interact with the teat (investigate or suckle). If the calf suckled the teat, 

suckling time was measured until the calf stopped suckling on its own. The 

process was then repeated for the modified teat. No further assistance was 

provided for the remaining testing session, and additional suckling time 

measurements were taken only if the calf decided to suckle any of the teats 

on its own. Overall, most calves did not require assistance in locating the 

teats during testing. Calves that required assistance did so for a limited 

number of testing sessions. 

 

Four latex rubber teats were used throughout the study (Foga Försäljning 

AB, Sweden). For every testing day, each teat was randomly assigned the 

role of control or modified teat. Thus, during a single testing day, one pair 

of teats was used for all the taste tests and one pair was used for all the odor 

tests. In order to avoid preference bias due to predictable teat placement 

(right or left side), the positioning of the control and the modified teat was 

randomized throughout the testing days, but was always opposite for the 
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two tests (e.g. modified teat positioned right for the taste test, and left for 

the odor test on a given testing day). After testing a calf, each teat was 

rinsed with water and, if necessary, wiped with a paper towel before being 

used for the next calf. Two separate beakers, one for the control and one for 

the modified teat, were used as water containers for teat rinsing. 

 

On each testing day, all calves were first tested with the taste test in order 

to avoid potential contamination of the apparatus from the test odor. When 

the taste test was completed for the day, the teats were removed and the 

apparatus was wiped with a wet paper towel or, if necessary, rinsed with 

water, in order to remove potential glucose remnants. The valves holding 

the teats in place were also rinsed with water. The apparatus was then 

prepared for the odor test using the respective pair of teats. The time 

between the taste and the odor test for a calf varied depending on the 

number of calves being tested on a particular day. The minimal time 

between the two tests was approximately five minutes. 

 

At the end of each testing day, the teats, valves and beakers were 

thoroughly washed with hot water and fragrance-free soap and were left to 

dry until the next day. The apparatus was also cleaned using a wet sponge 

with fragrance-free soap, and wiped dry. For sanitary purposes, the teats, 

valves and beakers were disinfected in hot chlorinated water every ten 

days. 

 

3.2.2 Suckling reflex test 

The suckling reflex test was conducted only during the first testing day of 

"unfamiliar" calves. The aim of the test was to assess whether a calf would 

successfully suckle a plain teat as well as the modified teats (taste and 

odor) described in section 3.2.1. The same apparatus ( 

Figure 1) was used for this test. During the test, a plain dry teat was first 

presented to the calf in front of its snout, then inserted into the calf's mouth 

for approximately five seconds, and the suckling response was recorded as: 

0 - "did not suckle" or 1 - "suckled". The same procedure was repeated with 

a glucose-coated dry teat. For the dry teat that was modified with an odor, 

the calf was first allowed to smell the "Freshly Cut Grass" odor through the 

mesh of the test apparatus and then the teat was inserted into the calf's 

mouth, following the same procedure as with the other two teats. A "licking 

lips" behavioral response was also recorded during the presentation of each 

teat to the calf (0 - "not performed", 1 - "performed"). The behavior 
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consisted of the calf licking the lower part of its snout, with the tongue 

being visible, for approximately one to three repetitions. 

 

3.3 Sample size and age 

In total, 78 newborn dairy calves (n = 78) were sampled for the study. Of 

these, 57 calves (n = 57) were eligible for the suckling reflex test, and 51 

calves (n = 51) were eligible for the taste and odor tests. Of the 51 calves 

eligible for the taste and odor tests, 29 calves were male and 22 calves were 

female. Eligibility for the suckling reflex test was achieved if a calf was 

marked "unfamiliar" on the first day of testing. Eligibility for the taste and 

odor tests was achieved if a calf successfully participated in at least six out 

of nine tests ("unfamiliar" calves) or seven out of ten tests ("familiar" 

calves), for the taste and the odor test, respectively. Participation was 

considered successful if a calf suckled at least one of the two teats for at 

least one second. 

 

Depending on separation day from the dam and date of transport to the 

single calf pen, the age of the calves when entering the testing group varied 

between one and five days old. As such, all measurements took place 

within the calves' first two weeks of age. 

 

3.4 Data analysis  

The Chi-squared was used to assess whether the "licking lips" behavior was 

performed by a significant proportion of calves during the suckling reflex 

test. 

 

The two-tailed binomial test was used to assess whether the calves as a 

group, showed a significant preference for the order of investigation of a 

teat (control or modified) during the odor test and the taste test. 

 

The Wilcoxon signed-ranks test for related samples was used to assess if 

there were significant differences between the suckling time for the control 

teat (STC) and the suckling time for the modified teat (STM) in the odor test 

and the taste test, as well as between total suckling times (STT = STC + 

STM) for the odor test versus the taste test. 

 

The Spearman rank-order correlation test was used to assess if there was a 

significant correlation between testing sessions and the average total 

suckling time per calf for each testing session. The latter was defined as 
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  where n was the sample size for a testing session. The sample 

size varied across testing sessions: n = 18 for testing session 1 ("familiar" 

calves that were immediately assigned to the odor and taste tests on testing 

session 1), n = 51 for testing sessions 2 - 5 and 7 - 10, and n = 50 for testing 

session 6 (one calf was excluded from testing session 6 due to critical 

illness on that day). 

 

The Mann-Whitney U-test was used to assess if there were significant 

differences regarding suckling times between male and female calves. 

 

4  Results 

4.1 Use of the artificial teat without lifting assistance in relation to age  

The majority of the calves that were included in the study were able to 

stand up and suckle the artificial teat for the first time without lifting 

assistance on the second (44 calves out of 78) or the third (22 calves out of 

78) day of age (Figure 2). Nine calves out of 78 managed the task without 

assistance for the first time on the fourth day of age (Figure 2). Only two 

calves out of 78 were able to suckle the artificial teat for the first time 

without lifting assistance on the first day of age, and only one calf out of 78 

managed the task for the first time as late as the fifth day of age (Figure 2). 
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Figure 2. Age at which calves (n = 78) were able to stand up and suckle the 
artificial teat without lifting assistance for the first time. 

 

4.2 Suckling reflex test 

The majority of calves that participated in the suckling reflex test displayed 

a suckling reflex for each type of teat that was tested (control, odor, taste) 

(Figure 3). Thirty-four out of 57 calves performed the "licking lips" 

behavior when exposed to the "Freshly Cut Grass" odor through the mesh 

of the test apparatus, during the presentation of the odor teat. In contrast, 

none of the calves performed this behavior when presented with the control 

teat and the taste teat. As such, the proportion of calves performing the 

"licking lips" behavior when exposed to the "Freshly Cut Grass" odor 

(34/57) was significantly larger compared to the proportion of calves 

performing this behavior when exposed to the control teat (0/57) and the 

taste teat (0/57)  (χ
2
 = 27.648, df = 1, p < 0.001). 
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Figure 3. Presence of suckling reflex in calves (n = 57), for the three different 
types of teat in the suckling reflex test. 

 

4.3 Odor test 

4.3.1 Order of teat investigation 

Twenty-three out of 51 calves investigated the control teat first in the 

majority of testing sessions while 22 calves investigated the odor teat first 

(Figure 4). Six out of 51 calves investigated either teat first for an equal 

number of sessions (Figure 4). As a group, the calves did not show a 

significant preference regarding the order of teat investigation in the odor 

test (Binomial: n = 45, 23:22, p = 1). 
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Figure 4. Number of calves (n = 51) that investigated a particular type of teat as 
the first one in the majority of their testing sessions, in the odor test. 
 

4.3.2 Suckling times 

When assessing the suckling times for the control teat versus the odor teat, 

the calves did not show a significant preference for any of the two teats in 

the odor test (Wilcoxon: n = 51, Z = -0.272, p = 0.786). The average 

suckling time was equal for the control teat (25.99 ± 10.16 s) and the odor 

teat (26.30 ± 10.37 s) (Figure 5). 
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Figure 5. Average suckling time for the control teat (n = 51, mean = 25.99, S.D. 
= 10.16) and the odor teat (n = 51, mean = 26.30, S.D. = 10.37) in the odor test. 
An average suckling time per calf for each type of teat was first calculated (sum 
of suckling times per teat for all testing sessions, divided by the number of 
testing sessions). 
 

4.4 Taste test 

4.4.1 Order of teat investigation 

Thirty-three out of 51 calves investigated the control teat first in the 

majority of testing sessions while 14 calves investigated the taste teat first 

(Figure 6). Four out of 51 calves investigated either teat first for an equal 

number of sessions (Figure 6). As a group, the calves showed a significant 

preference for the control teat regarding the order of teat investigation in 

the taste test (Binomial: n = 47, 33:14, p = 0.008). 
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Figure 6. Number of calves (n = 51) that investigated a particular type of teat as 
the first one in the majority of their testing sessions, in the taste test. Asterisks 
(**) correspond to p < 0.01. 
 

4.4.2 Suckling times 

When assessing the suckling times for the control teat versus the taste teat, 

the calves showed a significant preference for suckling the taste teat in the 

taste test (Wilcoxon: n = 51, Z = -6.177, p < 0.001). The average suckling 

time was 30.22 ± 8.84 s for the control teat and 50.68 ± 7.33 s for the taste 

teat (Figure 7). 
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Figure 7. Average suckling time for the control teat (n = 51, mean = 30.22, S.D. 
= 8.84) and the taste teat (n = 51, mean = 50.68, S.D. = 7.33) in the taste test. 
An average suckling time per calf for each type of teat was first calculated (sum 
of suckling times per teat for all testing sessions, divided by the number of 
testing sessions). Asterisks (***) correspond to p < 0.001. 

 

4.5 Assessment of total suckling times (control plus modified teat) 

4.5.1 Comparison of total suckling times in the odor test versus the 

taste test 

When assessing the total suckling times (STT = STC + STM) for the odor test 

versus the taste test, the calves showed a significantly longer total suckling 

time during the taste test (Wilcoxon: n = 51, Z = -6.215, p < 0.001).  The 

average total suckling time was 47.13 ± 17.35 seconds for the odor test and 

74.61 ± 15.26 seconds for the taste test (Figure 8). 
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Figure 8. Average total suckling time for the odor test (n = 51, mean = 47.13, 
S.D. = 17.35) versus the taste test (n = 51, mean = 74.61, S.D. = 15.26). An 
average total suckling time per calf for each type of test was first calculated 
(sum of STT for all testing sessions, divided by the number of testing sessions, 
for each type of test). Asterisks (***) correspond to p < 0.001. 
 

4.5.2 Average total suckling time across testing sessions 

The average total suckling time per calf during the odor test did not 

systematically vary across the ten consecutive testing sessions (Spearman: 

n = 10, rs = -0.237, p = 0.510; Figure 9). In contrast, a significant positive 

correlation was found between the average total suckling time per calf and 

the consecutive testing sessions in the taste test (Spearman: n = 10, rs = 

0.685, p = 0.035; Figure 9). 
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Figure 9. Variation in the average total suckling time per calf across the ten 
consecutive testing sessions (odor test: circular marks, taste test: square 
marks). The sample size varied across testing sessions: n = 18 for testing 
session 1 ("familiar" calves that were immediately assigned to the odor and 
taste tests on testing session 1), n = 51 for testing sessions 2 - 5 and 7 - 10, 
and n = 50 for testing session 6 (one calf was excluded from its testing session 
6 due to critical illness on that day). The dashed grey line represents the trend 
line for the odor test (f(x) = -0.689x + 51.2, R2 = 0.369), while the solid grey line 
represents the trend line for the taste test (f(x) = 0.804x + 70.44, R2 = 0.286). 
 

4.6 Differences in suckling times between sexes 

No significant differences were found in average suckling times for the 

modified teat between male and female calves, for the odor test (Mann-

Whitney:  n = 51,  Z = -0.656, p = 0.512; Figure 10, Panel A) and for the 

taste test (Mann-Whitney:  n = 51,  Z = 0.485, p = 0.634; Figure 10, Panel 

B), respectively. 
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Figure 10. A. Average suckling time for the odor teat in male (n = 29, mean = 
27.83, S.D. = 12.06) and female (n = 22, mean = 24.45, S.D. = 7.48) calves. B. 
Average suckling time for the taste teat in male (n = 29, mean = 49.72, S.D. = 
7.18) and female (n = 22, mean = 51.64, S.D. = 7.58) calves. Error bars in a. 
and b. represent the standard deviation (S.D.). An average suckling time for 
each type of teat (odor, taste) was calculated for each calf, and the sum of 
average suckling times was used to calculate each sex average. 
 

 

5  Discussion 

The majority of calves in this study were able to suckle without lifting 

assistance from the second or third day of age on. The odor stimulus 

elicited a "licking lips" behavioral response during the suckling reflex test 

that was not observed during the presentation of the control teat and the 

glucose-coated teat. However, this odor stimulus had no significant effect 

on the preference of the calves when first investigating or suckling an 

artificial teat. In the taste test, the majority of the animals showed a 

significant preference for investigating the control teat first and for 

suckling the glucose-coated teat. The calves showed a significantly longer 

total suckling time in the taste test compared to the odor test, and a 

significant positive correlation between the average total suckling time per 

calf and the consecutive testing sessions in the taste test. There was no 

significant correlation between the average total suckling time per calf and 

the consecutive testing sessions in the odor test. There were no significant 

differences between male and female calves with regard to suckling times. 
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5.1 Readiness of newborn calves to suckle an artificial teat  

Stafford et al. (2005) reported that the majority of newborn calves were 

able to efficiently suckle an artificial teat without assistance by the second 

day of age. In accordance with these findings, the majority of the calves in 

my study were able to stand up and suckle the artificial teat for the first 

time without lifting from the second or third day of age on. However, very 

few calves managed to suckle with little to no lifting assistance on the first 

day of age and about 13% of the calves in the present study needed as 

many as four or five days before they became efficient in suckling without 

lifting assistance. While this percentage is not particularly high, it might 

still signify a problem for the farm and the welfare of the calves in terms of 

potential losses in weight gain, poor function of the immune system and 

extra labor dedicated to calf care. 

 

Furthermore, the majority of the calves that were not yet familiar with the 

procedure of feeding from an artificial teat presented a suckling reflex 

when a teat (plain or modified with an odor or taste substance) was inserted 

in their mouth. This raises the question of whether newborn calves have 

some difficulty in habituating to the artificial teat not primarily because of 

its properties but because of a general lack of natural signals that motivate 

the calf to stand up and search for a teat. 

 

5.2 Responses to the odor substance 

5.2.1 Suckling reflex test 

Sixty percent of the calves in the suckling reflex test responded with a 

"licking lips" behavior when smelling the "Freshly Cut Grass" odor through 

the mesh of the test apparatus. This behavioral response was immediate and 

consistent among the calves that performed it and was only elicited in the 

presence of the tested odor. The control teat and the taste teat failed to elicit 

this or other behavioral responses upon teat presentation. The response of a 

significant number of calves to the odor provides evidence that the 

substance was well-perceived by the animals. The "licking lips" behavior 

greatly resembled a rapid gustatory response which was neither attractive 

nor aversive according to the description for other mammalian species 

(Ganchrow et al 1983, Berridge 2000). Taking into consideration that the 

calves are exposed daily to volatile compounds from grass feed via the 

milk they are fed (Bugaud et al. 2001; Toso et al. 2002; Schaal & Al Aïn 

2014), it is possible that the animals perceived the odor as a property of a 

potentially edible substance. 
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5.2.2 Odor test 

Despite the observation of a “licking lips” behavioral response in the 

suckling reflex test, the calves did not show a significant preference for a 

teat (control or odor) in the odor test neither for the order of teat 

investigation nor in terms of suckling times. Furthermore, the average 

suckling time for the control teat and the odor teat during the odor test were 

equal. These results indicate that the selected odor had no significant effect 

on the preference of the calves when suckling an artificial teat, and support 

the suggestion that the tested odor was perceived as neither attractive nor 

aversive by the calves participating in the odor test. 

 

A number of reasons may explain the lack of an effect of the "Freshly Cut 

Grass" odor on the teat preference of the calves. Being a synthetic 

fragrance oil, the selected odor may not have imitated the natural odor of 

freshly cut grass to such a degree that it would be clearly recognizable as a 

familiar odor. Young calves are not introduced to grass feeds before two 

weeks of age on average (Miller 1979) and while volatile compounds of 

grass feed are present in the whole milk fed to the newborn animals 

(Bugaud et al. 2001; Toso et al. 2002; Schaal & Al Aïn 2014), these grass-

related odors might be too subtle to be readily distinguished as feed by the 

calves, more so if the animals are presented with an odor that resembles the 

original only to some degree. Regarding the order of teat investigation, 

Hafez & Lineweaver (1967) claimed that newborn calves rely primarily on 

their sense of touch and vision to locate a teat when suckling a dam. This 

observation might explain why the calves in the present study did not show 

a preference for specifically locating the teat with the odor cue first.   

 

Several studies have shown that newborn animals are able to learn to prefer 

a specific odor if they are exposed to it regularly in utero, via the mother's 

diet (Hepper 1988; Bilkò et al. 1994; Schaal et al. 1995; Schaal et al. 2000; 

Phillips 2002; Schaal 2005; Schaal & Al Aïn 2014). The farm in the 

present study includes grass in the diet of their cows throughout the year 

but this is largely in the form of silage and hay, instead of fresh grass that is 

most often available only during summer when the animals are allowed to 

feed on pasture. The processes of drying (in the case of hay) and 

fermenting (when producing silage) alter the composition and the chemical 

properties of the grass (Miller 1979), giving each type of feed a distinctive 

odor. Therefore, considering the feed composition offered to the herd for 

the most time of the year, odors similar to hay or silage might have been 

more attractive for the newborn calves in the present study. 
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Another way to potentially enhance the calf's preference for a specific odor 

(whether hay, silage or freshly cut grass) would have been to apply the 

odor substance on the udder of the dam a few hours before labor and until 

separation from the calf. Newborn animals are able to become attracted to 

odors that are present on the skin of the mammary glands of the mother 

during suckling (Brake 1981; Schleidt & Genzel 1990; Bilkò et al. 1994; 

Allam et al. 2006; Allam et al. 2010; Schaal & Al Aïn 2014). As the calves 

in my study spent at least a few hours with the dam before separation and 

were allowed to suckle during that period, a consistent presence of the 

selected odor on the udder of the dam might have led to a significant 

preference for that odor and the respective artificial teat in the odor test. In 

the case of an essential or fragrance oil used as the odor substance, such 

application on the udder could be achieved quickly, efficiently and 

economically in the form of spray or ointment.  

 

5.3 Responses to the taste substance 

5.3.1 Suckling reflex test and order of teat investigation in the taste test 

The calves as a group showed a significant preference for investigating the 

control teat first in the taste test, indicating that the presence of glucose had 

an effect on the calves' choice regarding order of teat investigation. It is 

likely that the calves visually distinguished between the orange-colored 

control teat and the white-colored (due to the glucose powder) modified 

teat used in the taste test. Cattle are capable of distinguishing colors 

particularly between orange, yellow and red (Phillips & Lomas 2001, 

Phillips 2002) and can also differentiate items of various light intensities 

(Phillips & Weiguo 1991). Furthermore, as mentioned previously, Hafez & 

Lineweaver (1967) suggested that newborn calves will attempt to locate a 

teat primarily using their sense of touch and sight (1967). At the time of the 

experiment, the farm where I conducted the present study was using white-

colored teats on the milk buckets for the newborn calves. Assuming that the 

calves could visually distinguish between the two teats, it is possible that 

they preferred to investigate the control (orange) teat first due to its 

novelty. Another possible explanation would be that the calves initially 

avoided the glucose-coated teat due to food neophobia. This behavioral 

reaction has been observed in cattle (Herskin et al. 2004; Miller-Cushon & 

DeVries 2011; Costa et al. 2014) and is described as the reluctance of 

sampling new foods for fear that they may be toxic or poisonous (Birch 

1998). 
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To my knowledge, it is not known if cattle can detect the odor of glucose 

so it is unlikely that an unintentional odor cue affected the order of teat 

investigation of the calves in this test. This notion is further supported by 

the lack of behavioral responses when presenting the calves with the 

glucose-coated teat during the suckling reflex test, which was in 

accordance with the lack of responses to the control teat but in contrast to 

the “licking lips” response observed when presented with the "Freshly Cut 

Grass" odor during the same test. 

 

5.3.2 Suckling preference 

Contrary to the order of investigation analysis, the calves as a group 

showed a significant preference for  the glucose-coated teat in the taste test. 

Additionally, the average suckling time for the taste teat was nearly twice 

as long as the average suckling time for the control teat. These findings are 

in agreement with the established preference of calves for sweet-tasting 

substances, including glucose (Kare & Ficken 1963; Hellekant et al. 1994). 

Additionally, de Passillé & Rushen (2006b) showed that the sugars in the 

milk were primarily responsible for eliciting non-nutritive suckling 

following a brief episode of suckling milk, further underlining the ability of 

glucose to stimulate suckling.  

 

5.4 Effect of the odor and the taste substances to total suckling time 

An important consideration when assessing suckling times per specific teat 

(control teat, modified teat) is the natural tendency of calves to switch 

between teats during suckling (Edwards & Broom 1982; de Passillé & 

Rushen 2006a). When suckling the dam, the calf will suckle from more 

than one teat and rapidly switch between teats during a single feeding bout 

(Hafez & Lineweaver 1967; Edwards & Broom 1982; Lidfors et al. 1994; 

Phillips 2002; de Passillé & Rushen 2006a). Factors such as reduced milk 

flow and increased teat firmness can cause the calf to spend less time at a 

favored teat and switch to other available teats during a feeding bout 

(Edwards & Broom 1982; de Passillé & Rushen 2006a). Edwards & Broom 

(1982) mention that, during their first feeding bout after being born, calves 

from heifers will spend only about 67% of their suckling time at the 

favored teat (teat suckled for the longest period of time during that first 

feeding bout) and will switch between teats 8.7 times on average, in 

comparison to calves from older cows that will suckle the favored teat for 

about 76% of the total suckling time and only switch teats 2.9 times on 

average. This may be due to the fact that the milk production of heifers 



24 

 

may not be as high compared to older cows, and the teats of heifers are 

usually more swollen and hard and thus not as easy to suckle (Edwards & 

Broom 1982).  

 

I, too, observed that the calves in the present study performed these 

switches between the two teats during the testing sessions, both in the odor 

and the taste test. Thus, I considered that it would be useful to examine if 

either the taste or the odor stimulus motivated the calves to suckle for a 

longer period of time in total during their testing sessions in comparison to 

the other stimulus. The calves in the present study showed a significantly 

longer total suckling time in the taste test compared to the odor test. In 

accordance with the notion of de Passillé & Rushen (2006b) regarding the 

effect of sugars found in milk on the stimulation of non-nutritive suckling, 

my results demonstrate that the calves displayed a significantly increased 

motivation for non-nutritive suckling when presented with a sweet-tasting 

substance, than when presented with the "Freshly Cut Grass" odor. 

 

The average total suckling times differed significantly between the odor 

test (47 ± 17.35 s) and the taste test (75 ± 15.26 s). Lidfors et al. (1994) 

reported that, on the first day of age, the suckling activity of beef calves 

accounted for the 57.8% - 85.2% of the total time of a feeding bout, with 

the rest of the time commonly spent in butting, switching between teats, 

pausing activity or repositioning. Similarly, Appleby et al. (2001) found 

that dairy calves of approximately 25 days of age spent about 80% of time 

suckling the artificial teat during the first feeding bout of the day. 

Considering that my testing sessions lasted for two minutes, the calves in 

the odor test spent on average 39% of a testing session suckling a teat, 

while in the taste test they spent 62.5% of a testing session on suckling. 

This suggests that the presence of glucose rather than the "Freshly Cut 

Grass" odor elicited suckling bouts that came closer to the natural average 

suckling time. It is also likely that an even longer total suckling time could 

be achieved for the taste test provided that the substance would not wear 

off as quickly due to suckling. 

 

The findings of the total suckling times analysis provide further support 

regarding the preference of the calves for the glucose-coated teat. 

Furthermore, I failed to find a significant correlation between the average 

total suckling time per calf and the consecutive testing sessions in the odor 

test, indicating that variations in total suckling time were independent of 

the progression of testing sessions when an odor stimulus was presented. In 

contrast, the significant positive correlation found between the average 
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total suckling time per calf and the consecutive testing sessions in the taste 

test shows that the calves in the present study increased their total suckling 

time when a taste stimulus was presented as the days of the experiment 

progressed. 

 

 

5.5 Differences between sexes 

There were no significant differences between male and female calves 

regarding suckling times in the present study for both the odor test and the 

taste test. To my knowledge, there are no studies so far regarding sex 

differences in newborn mammals in relation to the perception of taste and 

odor. Such differences in taste or odor perception between sexes have been 

reported for some adult mammals (Valenstein et al. 1967a,b; Dorries 1992; 

Martin & Sollars 2017), and seem to be mostly caused by the effects of sex 

hormones. Cattle reach puberty at about six months of age (Phillips 2002), 

hence the effects of sex hormones on the calves in the present study 

regarding the senses of smell and taste cannot be considered, and it is 

unlikely that sex differentiation for these senses would be beneficial in 

newborn animals in any behavioral context. 

 

5.6 Summary 

In summary, the results of the present study show that the taste of glucose, 

but not the "Freshly Cut Grass" odor, had a significant effect on the calves' 

teat preference when suckling a dry artificial teat. More importantly, the 

results show that glucose significantly increased the motivation of calves to 

suckle a dry artificial teat, and that this motivation increased with age. No 

differences in suckling preference were observed between the two sexes.  

 

The animals in the present study required on average two to three days to 

become efficient in suckling without lifting assistance, and the use of 

glucose might be able to shorten this period by increasing suckling 

motivation in calves still learning to suckle from an artificial teat, as shown 

in the results regarding calves that were already efficient in the task. It 

would be useful to examine the effects of applying the "Freshly Cut Grass" 

odor or another odor that is presumably attractive on the udder of the dam 

shortly before labor and up until separation time from the calf, as well as to 

expose the calf to glucose immediately after birth by coating the artificial 

teat used for colostrum feeding and feeding of the first milk meals. Such 

further research would allow to investigate the effects of the two substances 
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on the suckling motivation and preference of calves immediately after 

birth, as well as potential effects on their learning performance when taught 

to suckle from an artificial teat in the single calf pens. 

 

5.7 Societal & ethical considerations 

The experiments reported here comply with the Guide for the Care and 

Use of Laboratory Animals (8
th

 edition, The National Academies Press, 

Washington DC, 2011) and also with current Swedish laws. The method 

used in this study was not in any way harmful to the animals, and it is 

unlikely that the experiment posed any stress for the calves especially since 

the animals actively sought interaction with the apparatus and the 

experimenter as the days progressed. So as to avoid further stressing them 

with handling, a small number of animals that were particularly fearful of 

human contact during their first testing session were excluded from the 

experiment. 

 

Learning about the effects of the two tested substances on the preference of 

calves when suckling an artificial teat provides an opportunity to further 

investigate how different substances could improve the welfare of newborn 

calves by helping them use the artificial teat more efficiently and by 

enriching their environment with attractive stimuli. Glucose, which had a 

significant effect on the teat preference and suckling motivation of the 

calves in this study, is an inexpensive substance that is commonly used at 

dairy farms for the preparation of electrolyte solutions for calves. Coating 

an artificial teat with glucose is a quick and simple task that should not 

unduly burden the workload of the calf caretaker during feeding times. 

While further research is required in order to examine how different 

substances might facilitate the learning process of using an artificial teat in 

newborn calves, glucose applied on the artificial teat may be able to 

increase suckling motivation in calves that suckle efficiently but that 

require frequent stimulation of the suckling reflex from the staff in order to 

do so, or in calves that have low motivation to suckle due to illness. This, 

in turn, not only improves the welfare of the calves but may also benefit the 

dairy farmer's economy by decreasing the caretaker's workload when 

dealing with a number of newborn calves requiring assistance during 

feeding, and by potentially preventing undernutrition and weight loss in 

calves that have difficulty consuming a full milk meal without assistance. 



27 

 

6  Acknowledgments 

I would like to express my sincerest gratitude to my supervisor Matthias 

Laska for his constant and timely support, guidance and invaluable insight 

throughout this project. I am also very thankful to Vasen Gård (Kjell, 

Ingrid and Johanna Sandahl and staff) for allowing me to conduct my study 

at their dairy farm and for hosting me and inspiring me during my data 

collection. Finally, I would like to extend a heartfelt thanks to veterinarian 

Johanna Habbe for connecting me to Vasen Gård, and to my parents 

Georgios and Alexandra Malidaki for supporting me and for constructing 

the apparatus used in my study. 



28 

 

7  References  

Allam MDE, Marlier L, Schaal B (2006) Learning at the breast: preference 

formation for an artificial scent and its attraction against the odor of 

maternal milk. Infant Behavior and Development 29, 308-321 

Allam MDE, Soussignan R, Patris B, Marlier L, Schaal B (2010) 

Long‐lasting memory for an odor acquired at the mother's breast. 

Developmental Science 13, 849-863 

Appleby MC, Weary DM, Chua B (2001) Performance and feeding 

behaviour of calves on ad libitum milk from artificial teats. Applied 

Animal Behaviour Science 74, 191-201 

Berridge KC (2000) Measuring hedonic impact in animals and infants: 

microstructure of affective taste reactivity patterns. Neuroscience & 

Biobehavioral Reviews 24, 173-198 

Bilkó Á, Altbäcker V, Hudson R (1994) Transmission of food preference in 

the rabbit: the means of information transfer. Physiology & Behavior 56, 

907-912 

Birch LL (1998) Development of food acceptance patterns in the first years 

of life. Proceedings of the Nutrition Society 57, 617-624 

Brake SC (1981) Suckling infant rats learn a preference for a novel 

olfactory stimulus paired with milk delivery. Science 211, 506-508 

Bugaud C, Buchin S, Coulon JB, Hauwuy A, Dupont D (2001) Influence of 

the nature of alpine pastures on plasmin activity, fatty acid and volatile 

compound composition of milk. Le Lait 81, 401-414 

Costa JHC, Daros RR, von Keyserlingk MAG, Weary DM (2014) Complex 

social housing reduces food neophobia in dairy calves. Journal of Dairy 

Science 97, 7804-7810 

Daros RR, Costa JH, von Keyserlingk MA, Hötzel MJ, Weary DM (2014) 

Separation from the dam causes negative judgement bias in dairy calves. 

PloS one 9 

De Passillé AM, Rushen J (2006) Calves’ behaviour during nursing is 

affected by feeding motivation and milk availability. Applied Animal 

Behaviour Science 101, 264-275 

De Passillé AM, Rushen J (2006) What components of milk stimulate 

sucking in calves?. Applied Animal Behaviour Science 101, 243-252 

http://dx.doi.org/10.1016/j.infbeh.2005.12.008
http://dx.doi.org/10.1016/j.infbeh.2005.12.008
http://dx.doi.org/10.1016/j.infbeh.2005.12.008
http://dx.doi.org/10.1111/j.1467-7687.2009.00941.x
http://dx.doi.org/10.1016/S0168-1591(01)00171-X
http://dx.doi.org/10.1016/S0168-1591(01)00171-X
http://dx.doi.org/10.1016/S0149-7634(99)00072-X
http://dx.doi.org/10.1016/S0149-7634(99)00072-X
http://dx.doi.org/10.1016/0031-9384(94)90322-0
http://dx.doi.org/10.1016/0031-9384(94)90322-0
https://doi.org/10.1079/PNS19980090
https://doi.org/10.1079/PNS19980090
http://dx.doi.org/10.1126/science.7192882
http://dx.doi.org/10.1126/science.7192882
http://dx.doi.org/10.1051/lait:2001140
http://dx.doi.org/10.1051/lait:2001140
http://dx.doi.org/10.1051/lait:2001140
http://dx.doi.org/10.3168/jds.2014-8392
http://dx.doi.org/10.3168/jds.2014-8392
http://dx.doi.org/10.1371/journal.pone.0098429
http://dx.doi.org/10.1016/j.applanim.2006.02.007
http://dx.doi.org/10.1016/j.applanim.2006.02.007
http://dx.doi.org/10.1016/j.applanim.2006.02.010
http://dx.doi.org/10.1016/j.applanim.2006.02.010


29 

 

Dorries K (1992) Sex differences in olfaction in mammals. pp. 245-275 in: 

Serby MJ, Chobor KL (eds) Science of olfaction. Springer-Verlag, New 

York 

Edwards SA, Broom DM (1982) Behavioural interactions of dairy cows 

with their newborn calves and the effects of parity. Animal Behaviour 30, 

525-535 

Foote MR, Nonnecke BJ, Beitz DC, Waters WR (2007) High growth rate 

fails to enhance adaptive immune responses of neonatal calves and is 

associated with reduced lymphocyte viability. Journal of Dairy Science 90, 

404-417 

Ganchrow JR, Steiner JE, Daher M (1983) Neonatal facial expressions in 

response to different qualities and intensities of gustatory stimuli. Infant 

Behavior and Development 6, 189-200 

Hafez ESE, Lineweaver JA (1968) Suckling behaviour in natural and 

artificially fed neonate calves. Zeitschrift für Tierpsychologie 25, 187-198 

Hellekant G, af Segerstad CH, Roberts TW (1994) Sweet taste in the calf: 

III. Behavioral responses to sweeteners. Physiology & Behavior 56, 555-

562 

Hepper PG (1988) Adaptive fetal learning: prenatal exposure to garlic 

affects postnatal preferences. Animal Behaviour 36, 935-936 

Herskin MS, Kristensen AM, Munksgaard L (2004) Behavioural responses 

of dairy cows toward novel stimuli presented in the home environment. 

Applied Animal Behaviour Science 89, 27-40 

Houwing H, Hurnik JF, Lewis NJ (1990) Behavior of periparturient dairy 

cows and their calves. Canadian Journal of Animal Science 70, 355-362 

Illmann G, Špinka M (1993) Maternal behaviour of dairy heifers and 

sucking of their newborn calves in group housing. Applied Animal 

Behaviour Science 36, 91-98 

Johnsen JF, Ellingsen K, Grøndahl AM, Bøe KE, Lidfors L, Mejdell CM 

(2015) The effect of physical contact between dairy cows and calves during 

separation on their post-separation behavioural response. Applied Animal 

Behaviour Science 166, 11-19 

http://dx.doi.org/10.1016/S0003-3472(82)80065-1
http://dx.doi.org/10.1016/S0003-3472(82)80065-1
http://dx.doi.org/10.3168/jds.S0022-0302(07)72641-3
http://dx.doi.org/10.3168/jds.S0022-0302(07)72641-3
http://dx.doi.org/10.3168/jds.S0022-0302(07)72641-3
http://dx.doi.org/10.1016/S0163-6383(83)80026-5
http://dx.doi.org/10.1016/S0163-6383(83)80026-5
http://dx.doi.org/10.1111/j.1439-0310.1968.tb00012.x
http://dx.doi.org/10.1111/j.1439-0310.1968.tb00012.x
http://dx.doi.org/10.1016/0031-9384(94)90301-8
http://dx.doi.org/10.1016/0031-9384(94)90301-8
http://dx.doi.org.e.bibl.liu.se/10.1016/S0003-3472(88)80177-5
http://dx.doi.org.e.bibl.liu.se/10.1016/S0003-3472(88)80177-5
http://dx.doi.org/10.1016/j.applanim.2004.06.006
http://dx.doi.org/10.1016/j.applanim.2004.06.006
http://dx.doi.org/10.4141/cjas90-047
http://dx.doi.org/10.4141/cjas90-047
http://dx.doi.org/10.1016/0168-1591(93)90001-6
http://dx.doi.org/10.1016/0168-1591(93)90001-6
http://dx.doi.org/10.1016/j.applanim.2015.03.002
http://dx.doi.org/10.1016/j.applanim.2015.03.002


30 

 

Kare MR, Ficken MS (1963) Comparative studies on the sense of taste. pp. 

285-297 in: Zotterman Y (ed) Olfaction and taste. Symposium Publications 

Division. Pergamon Press, London 

Krohn CC (2001) Effects of different suckling systems on milk production, 

udder health, reproduction, calf growth and some behavioural aspects in 

high producing dairy cows—a review. Applied Animal Behaviour Science 

72, 271-280 

Lidfors LM (1996) Behavioural effects of separating the dairy calf 

immediately or 4 days post-partum. Applied Animal Behaviour Science 49, 

269-283 

Lidfors LM, Jensen P, Algers B (1994) Suckling in free‐ranging beef 

cattle—Temporal patterning of suckling bouts and effects of age and sex. 

Ethology 98, 321-332 

Marchant-Forde JN, Marchant-Forde RM, Weary DM (2002). Responses 

of dairy cows and calves to each other’s vocalisations after early 

separation. Applied Animal Behaviour Science 78, 19-28 

Martin LJ, Sollars SI (2017) Contributory role of sex differences in the 

variations of gustatory function. Journal of Neuroscience Research 95, 594-

603 

Miller WJ (1979) Dairy cattle feeding and nutrition. Academic Press, New 

York 

Miller-Cushon EK, DeVries TJ (2011) Effect of early feed type exposure 

on diet-selection behavior of dairy calves. Journal of Dairy Science 94, 

342-350 

Phillips C (2002) Cattle behaviour and welfare. 2nd Ed. Blackwell Science, 

Oxford 

Phillips CJC, Lomas CA (2001) The perception of color by cattle and its 

influence on behavior. Journal of Dairy Science 84, 807-813 

Phillips CJC, Weiguo L (1991) Brightness discrimination abilities of calves 

relative to those of humans. Applied Animal Behaviour Science 31, 25-33 

Roth BA, Barth K, Gygax L, Hillmann E (2009) Influence of artificial vs. 

mother-bonded rearing on sucking behaviour, health and weight gain in 

calves. Applied Animal Behaviour Science 119, 143-150 

http://dx.doi.org/10.1016/S0168-1591(01)00117-4
http://dx.doi.org/10.1016/S0168-1591(01)00117-4
http://dx.doi.org/10.1016/S0168-1591(01)00117-4
http://dx.doi.org/10.1016/0168-1591(96)01053-2
http://dx.doi.org/10.1016/0168-1591(96)01053-2
http://dx.doi.org/10.1111/j.1439-0310.1994.tb01080.x
http://dx.doi.org/10.1111/j.1439-0310.1994.tb01080.x
http://dx.doi.org/10.1016/S0168-1591(02)00082-5
http://dx.doi.org/10.1016/S0168-1591(02)00082-5
http://dx.doi.org/10.1016/S0168-1591(02)00082-5
http://dx.doi.org/10.1002/jnr.23819
http://dx.doi.org/10.1002/jnr.23819
http://dx.doi.org/10.3168/jds.2010-3382
http://dx.doi.org/10.3168/jds.2010-3382
http://dx.doi.org/10.3168/jds.S0022-0302(01)74537-7
http://dx.doi.org/10.3168/jds.S0022-0302(01)74537-7
http://dx.doi.org/10.1016/0168-1591(91)90150-V
http://dx.doi.org/10.1016/0168-1591(91)90150-V
http://dx.doi.org/10.1016/j.applanim.2009.03.004
http://dx.doi.org/10.1016/j.applanim.2009.03.004
http://dx.doi.org/10.1016/j.applanim.2009.03.004


31 

 

Schaal B (2005) From amnion to colostrum to milk: odor bridging in early 

developmental transitions. pp 51-102 in: Hopkins B, Johnson SP (eds) 

Prenatal development of postnatal functions. Greenwood Publishing Group, 

Westport, Connecticut. 

Schaal B, Al Aïn S (2014) Chemical signals ‘selected for’newborns in 

mammals. Animal Behaviour 97, 289-299 

Schaal B, Marlier L, Soussignan R (2000) Human foetuses learn odours 

from their pregnant mother’s diet. Chemical senses 25, 729-737 

Schaal B, Orgeur P, Arnould C (1995) Olfactory preferences in newborn 

lambs: possible influence of prenatal experience. Behaviour 132, 351-365 

Schleidt M, Genzel C (1990) The significance of mother's perfume for 

infants in the first weeks of their life. Ethology and Sociobiology 11, 145-

154 

Selman IE, McEwan AD, Fisher EW (1970) Studies on natural suckling in 

cattle during the first eight hours post partum II. Behavioural studies 

(calves). Animal Behaviour 18, 284-289 

Stafford KJ, Mellor DJ, Corner R (2005) Sucking behaviour of hand-reared 

newborn dairy calves. New Zealand Veterinary Journal 53, 246-248 

Stěhulová I, Lidfors L, Špinka M (2008) Response of dairy cows and 

calves to early separation: Effect of calf age and visual and auditory contact 

after separation. Applied Animal Behaviour Science 110, 144-165 

Thomas TJ, Weary DM, Appleby MC (2001). Newborn and 5-week-old 

calves vocalize in response to milk deprivation. Applied Animal Behaviour 

Science 74, 165-173 

Toso B, Procida G, Stefanon B (2002) Determination of volatile 

compounds in cows' milk using headspace GC-MS. Journal of Dairy 

Research 69, 569-577 

Valenstein ES, Cox VC, Kakolewski JW (1967) Further studies of sex 

differences in taste preferences with sweet solutions. Psychological Reports 

20, 1231-1234 

Valenstein ES, Kakolewski JW, Cox VC (1967) Sex differences in taste 

preference for glucose and saccharin solutions. Science 156, 942-943 

http://dx.doi.org/10.1016/j.anbehav.2014.08.022
http://dx.doi.org/10.1016/j.anbehav.2014.08.022
http://dx.doi.org/10.1093/chemse/25.6.729
http://dx.doi.org/10.1093/chemse/25.6.729
http://dx.doi.org/10.1163/156853995X00603
http://dx.doi.org/10.1163/156853995X00603
http://dx.doi.org/10.1016/0162-3095(90)90007-S
http://dx.doi.org/10.1016/0162-3095(90)90007-S
http://dx.doi.org/10.1016/S0003-3472(70)80039-2
http://dx.doi.org/10.1016/S0003-3472(70)80039-2
http://dx.doi.org/10.1016/S0003-3472(70)80039-2
https://dx.doi.org/10.1080/00480169.2005.36553
https://dx.doi.org/10.1080/00480169.2005.36553
http://dx.doi.org/10.1016/j.applanim.2007.03.028
http://dx.doi.org/10.1016/j.applanim.2007.03.028
http://dx.doi.org/10.1016/j.applanim.2007.03.028
http://dx.doi.org/10.1016/S0168-1591(01)00164-2
http://dx.doi.org/10.1016/S0168-1591(01)00164-2
http://dx.doi.org/10.1017/S0022029902005782
http://dx.doi.org/10.1017/S0022029902005782
http://dx.doi.org/10.2466/pr0.1967.20.3c.1231
http://dx.doi.org/10.2466/pr0.1967.20.3c.1231
http://dx.doi.org/10.1126/science.156.3777.942
http://dx.doi.org/10.1126/science.156.3777.942


32 

 

Ventorp M, Michanek P (1992) The importance of udder and teat 

conformation for teat seeking by the newborn calf. Journal of Dairy 

Science 75, 262-268 

Ventura BA, Von Keyserlingk MAG, Schuppli CA, Weary DM (2013) 

Views on contentious practices in dairy farming: The case of early cow-calf 

separation. Journal of Dairy Science 96, 6105-6116 

Von Keyserlingk MAG, Rushen J, de Passillé AM, Weary DM (2009) 

Invited review: The welfare of dairy cattle—Key concepts and the role of 

science. Journal of Dairy Science 92, 4101-4111 

Weary DM, Chua B (2000) Effects of early separation on the dairy cow 

and calf: 1. Separation at 6 h, 1 day and 4 days after birth. Applied Animal 

Behaviour Science 69, 177-188  

 

http://dx.doi.org/10.3168/jds.S0022-0302(92)77761-3
http://dx.doi.org/10.3168/jds.S0022-0302(92)77761-3
http://dx.doi.org/10.3168/jds.2012-6040
http://dx.doi.org/10.3168/jds.2012-6040
http://dx.doi.org/10.3168/jds.2009-2326
http://dx.doi.org/10.3168/jds.2009-2326
http://dx.doi.org/10.1016/S0168-1591(00)00128-3
http://dx.doi.org/10.1016/S0168-1591(00)00128-3

