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Energy requirements for growth in the Yorkshire terrier
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Abstract
The 2006 National Research Council (NRC) equation calculating puppy energy requirements does not account for reported breed differences in growth
pattern. Energy requirements of toy breed puppies are unknown and it is unclear whether feeding guidelines should differ between breeds. Energy require-
ments of Yorkshire terrier (YT) puppies were observed over their first year of life and compared with those predicted by the NRC and those previously
observed in large (Labrador retriever) and medium (miniature Schnauzer; MS) breed puppies. Twenty-two puppies (from eight litters) were offered com-
plete and balanced diets to maintain ideal body condition score (BCS). Energy intake, body weight and BCS were recorded from 10 to 52 weeks of age.
Every 12 weeks, health was monitored by veterinary examination, routine haematology and plasma biochemistry. Puppies remained clinically healthy with
normal skeletal development throughout. After analysis by linear mixed models it was observed that the NRC equation overestimates YT energy require-
ments between 10 and 20 weeks of age by up to 324·3 (95 % CI 390·4, 258·2) kJ/kg0·75. Energy intake was lower (P< 0·05) in YT than Labradors until 29
weeks by up to 376·6 (95 % CI 477·4, 275·3) kJ/kg0·75 and lower than MS between 16 and 25 weeks by up to 216·3 (95 % CI 313·0, 119·7) kJ/kg0·75 (P<
0·05). Data indicate differences in toy, medium and large breed energy requirements for growth. The NRC equation for puppy energy requirements over-
estimated the requirements of this YT population, suggesting the need for breed-specific feeding guides for growth to avoid overfeeding.
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Appropriate nutrition is a key factor for the optimal develop-
ment of growing dogs. Over- or undernutrition during devel-
opment can have lifelong effects on the health of dogs(1,2);
therefore it is therefore essential that appropriate food
amounts are offered. The energy requirements of toy breed
puppies have not been reported and it is unclear whether feed-
ing guidelines for these dogs should differ from those deter-
mined for larger breeds. Breed-specific differences in growth
patterns have been noted previously(3–5) and therefore differ-
ences in energy requirements might be expected due to differ-
ences in adult body shape, size, temperament and coat type.
Dobenecker et al.(5) reported consistently higher energy intake
in foxhound–boxer–Ingelheim Labrador mixed breed puppies
than Beagle puppies up to 28 weeks of age. The authors
suggest that during the major period of growth, energy

requirement is not a function of age but of breed size. The
2006 National Research Council (NRC) equation for calculat-
ing the energy requirements of puppies was first suggested by
Blanchard et al.(6) and is in agreement with that suggested by
Meyer & Zentek(7). Neither equation, however, accounts for
differences in breed. Brenten et al.(8) investigated the energy
requirements of miniature Schnauzer and Labrador retriever
puppies and observed that for miniature Schnauzer puppies,
the NRC equation initially overestimates and subsequently
underestimates energy requirements while those of Labrador
retrievers were met. As accurate feeding guides are vital for
healthy growth in puppies, the primary objective of this
study was to investigate the energy requirements of a toy
breed, namely the Yorkshire terrier, from 10 weeks to 1 year
of age. A secondary objective was to compare the observed
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energy requirements of Yorkshire terrier puppies over this
time with those of medium and large breeds raised under
the same conditions.

Experimental design

This work was approved by the WALTHAM Animal Welfare
and Ethical Review Body and conducted under the authority
of the Animals (Scientific Procedures) Act 1986. A total of
twenty-two puppies from eight litters took part in the study.
Puppies were housed with their mother until weaning at 8
weeks of age, in litter groups until 10 weeks of age, and in
pairs thereafter. In all cases housing consisted of environmen-
tally enriched kennels with constant access to an outdoor area.
All puppies received socialisation and training sessions daily
and access to large outdoor play areas.
Puppies were offered either a commercially available wet

(Cesar® Puppy Chicken and Rice; Mars Petcare) or a dry
(Royal Canin® Yorkshire Terrier Junior; Mars Petcare) diet
or both in a mixed feeding regimen. Diet was randomly allo-
cated within each litter. Between the ages of 10 and 26
weeks, puppies were offered their daily ration in 3 × 30 min
meals and in 2 × 30 min meals from 27 to 52 weeks of age.
Free access to drinking water was given at all times. Diets
underwent nutritional analysis (Eurofins) and the results
used to calculate the predicted metabolisable energy content
of the diets according to the equation described in NRC
(2006)(9) which in turn was used to calculate the energy intake
of the dogs. Food intake was recorded immediately following
each meal as the mass of food offered minus the mass of food
returned (Sartorius UK Ltd). Feeding allowances were calcu-
lated from amounts consumed during the previous week
and adjusted weekly with the aim of maintaining puppies at
an ideal body condition score throughout the study.
Although not fully validated in puppies, body condition
score was evaluated weekly using the WALTHAM S.H.A.P.
E (Size, Health and Physical Evaluation) guide(10), which
uses visual and palpable characteristics to determine the
amount of subcutaneous and abdominal fat. Each category
is assigned an alphabetical character from A (underweight)
to G (obese), with D representing ideal(10). Body weight was
recorded weekly using calibrated scales (Sartorius UK Ltd).
Puppies underwent a physical examination at the start and

end of the study. At 3, 6, 9 and 12 months of age, a fasted
(>12 h) jugular blood sample was collected. Lithium–heparin
anticoagulated blood was used for the determination of stand-
ard biochemistry parameters; total protein, albumin, phosphate,
alkaline phosphatase (ALP), alanine transaminase (ALT), aspar-
tate aminotransferase (AST), Ca, cholesterol, urea, creatinine,
TAG and glucose using an AU400 (Olympus) analyser.
EDTA anticoagulated blood was collected for the measurement
of standard haematology parameters; leucocyte and erythrocyte
counts, Hb concentration, packed cell volume percentage, plate-
let count, mean corpuscular volume, mean corpuscular Hb, and
number and percentage of lymphocytes, monocytes and granu-
locytes were analysed via a Mythic cell counter (Orphée SA).
Predicted maintenance energy requirements were calculated,

using the NRC (2006)(9) puppy energy requirement equation

assuming adult body weight (kg) was that measured at 52
weeks of age.

Maintenance energy requirements kcal( )
= 130× a0·75 × 3·2× e −0·87( )×p) − 0·1( )

,

where a = body weight observed (kg), p= (body weight
observed/body weight at 52 weeks), and e= base natural log
(2·718). (To convert requirements in kcal to kJ, multiply by
4·184.)
Once calculated, actual energy intake of the dogs was com-

pared with the energy requirements predicted by the NRC
2006 equation(9). A linear mixed-effects model was fitted to
the observed weekly average daily intakes (kJ/kg0·75), the
NRC predicted maintenance energy requirement (kJ/kg0·75)
and the difference between the observed and NRC predicted
energy requirement. For each model, dog nested in litter was
used as the randomeffectwith an autoregressive correlation struc-
ture, of order 1, to take account of the correlation between succes-
sive measurements within a dog. The calculated energy
requirements of the Yorkshire terriers were then compared with
those of Labradors and miniature Schnauzers as previously
described(8). Breed, week and their interactions were fitted as cat-
egorical fixed effects. Comparisons between breeds were per-
formed for each week using a family-wise error rate of 5 %.
Linear mixed-model analysis was carried out using the nlme and
multcomp packages of R v2.15.0 statistical software(11). Means
and contrasts are reported with 95 % family-wise intervals.

Results

All dogs remained healthy during the course of the study with
no skeletal abnormalities as judged by clinical veterinary exam-
ination at 52 weeks. Haematological (data not shown) and bio-
chemical parameters were within normal ranges, significant
(P < 0·05) between-breed differences were observed in a
number of biochemical parameters over the first year
(Supplementary Table S1). All dogs maintained ideal body
condition score throughout the study (data not shown). As
expected, body weight increased significantly with time.
The energy required to maintain optimal body condition sig-

nificantly decreased from a mean of 810 (95 % CI 740, 880)
kJ/kg0·75 per d at 10 weeks of age to 500 (95 % CI 431,
570) kJ/kg0·75 per d at 52 weeks of age (Fig. 1). The energy
intake per kg0·75 (Fig. 1) was overestimated by the NRC
(2006)(9) equation from 10 to 20 weeks of age whilst the values
were comparable from 21 to 52 weeks of age with the excep-
tion of weeks 25 and 45. When compared with the energy
requirement values reported by Brenten et al.(8) (Fig. 2),
there was a significant interaction of breed with time (P <
0·0001) with the energy intake of Yorkshire terriers being sig-
nificantly less than that of Labrador retrievers from 10 to 29
weeks of age (P≤ 0·05) by 77·4 (95 % CI 132·6, 61·1) to
376·6 (95 % CI 477·4, 275·3) kJ/kg0·75. No difference was
observed in energy requirements between miniature
Schnauzers and Yorkshire terriers from week 10 to week 15
(P > 0·05). However, from week 16 to week 23 and in week
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25 the energy requirements of Yorkshire terriers were signifi-
cantly lower (P< 0·01) by 118·8 (95 % CI 215·5, 5·2) kJ/
kg0·75 to 21·76 (95 % CI 313·0, 119·7) kJ/kg0·75. There was
little effect of breed after 29 weeks of age.

Discussion

The data presented here indicate that there are breed-related
differences in energy requirements for growth up to 29
weeks of age and that the NRC equation predicating energy
requirements overestimates for Yorkshire terriers from 10 to
20 weeks of age.

The provision of accurate feeding guides is essential if
under- and overfeeding are to be prevented. Small and toy
breeds have been identified as being especially prone to
becoming overweight which has in turn been shown to lead
to reduced life expectancy and a number of pathological con-
ditions(12). The causes of excess body weight are multifactorial,
but healthy growth in puppyhood plays a key part in maintain-
ing a healthy adult body weight(12,13).
When energy intake was determined over the first year of

life in the Yorkshire terriers, as expected, it reduced with age
as growth slowed and the dogs approached their adult size.
At 1 year of age the mean energy intake for the Yorkshire

Fig. 1. Actual energy intake of twenty-two Yorkshire terriers (●) in comparison with the energy requirements predicted by the National Research Council (2006)

equation(9) (○). Data are means, with 95 % confidence intervals represented by vertical bars. * Significant difference (P < 0·05).

Fig. 2. Actual energy intake of twenty-two Yorkshire terriers (YT; ●) in comparison with those reported for Labrador retrievers (LAB; ■) and miniature Schnauzers

(MS; ▲)(8). Data are means, with 95 % confidence intervals represented by vertical bars. * Significant difference between YT and LAB (P < 0·05). † Significant dif-

ference between YT and MS (P < 0·05). ‡ Significant difference between LAB and MS (P < 0·05).
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terriers in this study (500·4, 95 % CI 430·5, 570·3 kJ/kg0·75

per d), was comparable with that reported previously(14) for
adult Yorkshire terriers aged between 16 and 52 months
(472·8, 95 % CI 284·5–765·7 kJ/kg0·75 per d), indicating
that the Yorkshire terriers in the present study had energy
requirements normal for their breed under kennel conditions.
When the energy requirements of the Yorkshire terriers,
Labrador retrievers and miniature Schnauzers were compared,
breed-specific patterns were observed. In agreement with data
previously reported for miniature Schnauzer puppies(8),
Yorkshire terrier puppies required lower energy intake to
maintain ideal body condition score than did Labrador
retriever puppies until 23 weeks of age. The energy intakes
of the miniature Schnauzer puppies were very similar to
those of the Yorkshire terriers until 16 weeks of age when
they diverged, possibly due to a longer rapid growth phase
in the miniature Schnauzers. Such breed-specific variance in
growth pattern has been noted previously(3–5) and might be
expected due to differences in adult body weight, size, com-
position, temperament and coat type, all of which have to
affect energy requirements. Although in the present study
body composition was not determined, breed differences in
lean and fat mass have previously been reported which
could affect energy requirements during growth(15). Little dif-
ference in biochemical markers of energy metabolism were
observed, no significant between-breed differences were deter-
mined in the levels of amino acid-converting enzymes alanine
transaminase (ALT) and aspartate aminotransferase (AST),
although TAG concentrations (indicative of the level of hep-
atic resynthesis) were significantly different between 10 and
14 weeks. Levels of urea, creatinine and hence their ratio
were significantly different between Yorkshire terriers and
Labrador retrievers from 34 weeks, possibly indicating differ-
ences in levels of protein metabolism. However, this difference
was only apparent during the later phase of growth when the
energy requirements were similar between breeds. The data
presented here support the hypothesis that during the major
period of growth, energy requirement is closely associated
with breed size as well as age. Collectively the data suggest
that breed differences in energy requirements should be taken
into account when recommending feeding amounts during
growth; however, present feeding guides are based on ‘typical’
growth data that use only a single equation (NRC, 2006(9)).
The NRC 2006 equation calculating the energy require-

ments of puppies was developed from equations(6,7) which
do not take breed differences into account. Previously, this
equation was observed to overestimate for miniature
Schnauzers up to 15 weeks of age, while the requirements
of Labrador retrievers were reported to be as predicted to
16 weeks(8). In the present study, an overestimation of energy
requirement up to 21 weeks of age was observed when the
actual energy intake of the Yorkshire terriers was compared
with those predicted by the NRC equation(9). From 21
weeks the predicted energy requirements were not significantly
different from the observed energy intake with the exception
of weeks 25 and 45. While week 25 corresponded with the
age of neutering for most dogs and this procedure may have
affected energy intake, no explanation for the difference at

45 weeks is apparent. If used as the sole guideline for feeding
the Yorkshire terrier puppies, the NRC equation could have
resulted in excess energy intake and hence excess body weight.
One explanation for the overestimation of energy requirement
could be the level of physical activity of the Yorkshire terrier
and miniature Schnauzer puppies in these studies. If activity
was lower than expected in this population, energy require-
ments would be lower than predicted. Differences in energy
intake between pet and kennelled puppies have previously
been attributed to differences in physical activity levels(5,16).
However, the dogs in the present study were housed in sur-
roundings as similar to a domestic household as can be
achieved in a kennel environment and had a standardised
care package including exercise and play sessions. Although
differences in activity level in kennelled dogs may affect energy
requirements compared with the pet population, this is
unlikely to influence the between-breed differences in growth
pattern observed here as all the dogs were kennelled under
the same conditions. In future studies accelerometry could
be used to compare the physical activity levels of puppies of
different breeds.

Conclusion

This study illustrates differences in growth pattern between
toy, medium and large breeds, in terms of energy require-
ments. The data indicate that one general equation may be
unsuitable for the calculation of energy requirements for
growth in puppies of differing breeds and support the need
for further research into the need for breed-specific feeding
guides.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/jns.2017.26
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